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ABSTRACT

The banana bacterial wilt caused by the Xanthomonas campestris pv. musacearum (Xcm) is one of the major
constraints to banana production in Uganda. Ficld observations suggest that the primary means of disease spread
is by insect transmission through the male flowers. This study carried out an inventory of insects found on banana
inflorescence. investigated possible sources of inoculum in banana plants and determined insect species that
carried the bacterium on their bodies and thus possible vectors of the disease. The most abundant insects visiting
banana flowcrs arc stingless bee, Plebeina denoiti (Vachal) (Apidac), fruit {Tics (Drosophilidae) and grass tlies
(Chloropidae). Female flowers had twice as many insects as male flowers. The bacterial cells have been isolated
from the stingless bee (P. denoiti), honey bees (Apis melifera), fruit flics and grass flies that had been collected
from male flowers of both asymptomatic and symptomatic plants. The bacterial cells isolated from P. denoiti were
more than twotimes as many as other inscet groups. Further studies to confirm the mode of transmission by insects,
and 1o investigate transmission epidemiology and biology of banana Xanthomonas wilt have been initiated.
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;

Le flétrissement bactérien ae la banane causé par le Xa est 'une des contraintes majeures dans la production de
la banane en Ouganda. Les observations de terrain suggérent que les premiers moyens d’expansion de la maladie
par voie des fleurs males transportées par des insectes. Cette étude a inventorié les insectes trouvées sur Ja banane
en floraison, a investigué les sources possibles d'inocutum dans les plantes de la banane ct déterminé les especes
d’insectes qui transportés les bactéries sur leurs corps et ainsi devenir les vecteurs possibles de la maladie. Les
insectes visitant le plus souvent les [leurs de la banane sont les abeilles Plebeina denotii (Vachal) (Apidae), les
mouches (drosophilidae) et les chloropidae. Les fleurs femelles avaient deux fois plus d’insectes que les fleurs
males. Les cellules bactériennes étaient isolées du P. denotii, les abeilles Apis melifera, drosophilidae et les
chloropidae qui ont été collectées de fleurs males ct les deux plantes asymptomatiques et symptomatiques. Les
cellules des bactéries isolées a partir de P. denotii étaient deux fois plus importantes que les autres insectes.
D’autres études sont nécessaires pour confirmer le mode de transmission par les insectes, et investiguer la
transmission épidémiologique et la biologie de 'a bananc Xanthemonas. devront étre initiées.

Mots Clés: Xanthomonas compestris p.v musacearum, inscctes vecteurs, transmission
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INTRODUCTION

The banana bacterial wilt disease caused by the
bacterium Xanthomonas campestris pv.
musacearum (Xcm), was first reported officially
in Mukono district, Uganda in 2001. It had by
1999 been seen in central region (Ngambeki et al.,
2006). The disease spreads rapidly and is one of
the most sertous threats to banana production in
the country (Tushemercirwe ef al., 2001, 2003).
If unchecked, the disease will causc massive
josses in areas of intensive banana cultivation
threatening, the livelihoods of millions of larmers
in East and Central Alrica.

Bacterial wilt was initially reported in Ethiopia
on Bnsete (Yirgou and Bradbury, 1968). Xcm
infection causes losses in banana production
through early ripening and rotting of [ruits, and
through wilting and death of plants belore
flowering. To date, all types of bananas appear
susceplible, although certain cultivars (c.g. ABB
genolypes) are probably more susceptible to the
disease.

Banana bacterial wilt appears to be similar to
Mokodiseasc (Ralstonia solanacearunm)of banana
with respect to discase development, transmission
and damage (Thwaites et al., 2000). Stingless
bees, wasps and flics are believed to be important
vectors of Mokodiscase withinfection commonly
occurring through the moist cushions or scars of
recently dehisced male flowers and floral bracts
(Buddenhagen  and Elsasser. 1962; Yirgou and
Bradbury, 1974). Transmission of Xcn in Ensete
by insects has also been reported in Ethiopia
(Wondimagegne, 1981; Wondimagegne et al.,
1982). Field observations in Uganda, suggest that
the primary means of disease spread is by insect
transmission through the male inflorescence
(Tushemereirwe et al., 2001). This is based on the
fact that the male bud bracts and ooze on male bud
stalk where insects always congregate exhibit the
first wilt symptoms on infected plants
(Tushemereirwe et al., 2003). However, virtually
no information is available about the vectors,
infection courts, epidemiology and biology of
banana bacterial wilt. A good understanding of
these factors is required for developing and
targeting of management practices.
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The goal of this study was therefore, to
investigate the role of insect vectors in
transmission of banana bacterial wilt. Specifically
this study investigated: (i) insect species that visit
banana inflorescence, (i) what insect species
carry the BBW pathogen and how much bacterium
individual insects carry, (iii) the sources of
inoculum on flower parts (nectar, ooze and bract
scars), and (iv) insect activity on floral parts of
banana plants infected with banana bacterial wilt.

MATERIALS AND METHODS

Study area description. Experiments were
conducted in farmers’ fields in Mukono (0°30’N-
1° 00’N and 32°30'-33° 00’E), Luwero (0'54°-
1°45’N and 31v82°-32°78’E) and Mpigi (0°11°S-
0°42’N and 31930°-32°41’E) districts where the
disease is now considered endemic. A sub-county
was visited in each district and five farms surveyed
perdistrict. Tento 15 randomly selected flowered
plants on a farm were sampled. For each piant,
records were taken on state of the inflorescences;
i.e. whether it was male or female, presence or
absence of disease symptoms and for male flowers,
time since flowering.

Insect species that visit banana flowers. To
determine diversity and frequencies of insect floral
visitors, insects from male and female flowers
were collected. A ladder was used to observe
flowers without disturbing them. An insect net
was put around the flower taking care not to
disturb the flower and the insects onit. By grabbing
the net close to its ring the insects were captured
in the net. The net was then carefully withdrawn
not to allow insects escape out of it and not to
allow flowers fall into the net to contaminate the
insects. The bottom of the net was dipped in a
killing jar with chloroform vapor for 1 minute to
knock out the insects. The insects were then
emptied on a piece of paper and sorted according
torecognisable species. Each group was placed in
a bottle of alcohol, labeled and taken to the
laboratory for further identification. Samples of
collected insects were sent to the IITA taxonomy
laboratory in Benin for identification.
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Distribution of bacterium on floral parts. To
determine whether the bacterium is present on
banana flowers and therefore likely insect
acquisition sites, an attempt was made to isolate
Xem from sap, nectar and ooze in bract scars. We
collected nectar from flowers, ooze from scars
and in between [lowers and sap from naturally
formed cushions and fresh natural scars. A drop
(10umL) of sap, nectar and ooze was scrially
diluted 3 times (10° 107" and 107) with sterile
distilled water. Ten umL of cach dilution were
spread plated on to the semi-scicctive isolation
medium (5-fluorouracil - cephalexin agar). Thesc
were incubated for 5 days and resulting Xem
colonies were counted.

Insect species vectoring Xem. To determine
insect vectors of Xem, and how much inoculum
is picked up, insects were collected in nets as
described above. On each farm 5-7 plants were
assessed and information on whether the flower
was diseased or not rccorded. Sampling was
conducted twice in two farms in Mpigi, two farms
in Luwero and two farms in Mukono. Five
individuals of each insect species were placed in
avial. In the [aboratory, the insccts were washed
in ImL of 10% yeast peptonc broth. The wash was
then serially diluted 3 times (10", 10" and 10?)
with sterile distilled water. Ten pL of cach
dilution were spread plated on to the semi-sclective
isolation medium and incubated at 25°C for 5
days. Thereafter, plates were examined for growth
of Xcm colonies and the number of bacterial cells
per tive individuals of each insect species
determined.

Insect activity on floral parts. To determine
inscct activity on {loral parts of banana plants,
samples of insects were taken from banana flowers
using an insect net at different times of the day (ie
8.00-10.00, 12.00-2.00 and 4.00-6.00). Sampling
by direct observations of insect presence on the
[loral parts of the male bud and behaviour in the
{ield was also conducted.

Statistical analyses. The number of bacterial
colonies extracted from insect collected from non
symptomatic and symptomatic plants, and the
number of insects captured on flowers at different
times of the day was compared using a y*-test.
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RESULTS

Insect species that visit banana flowers. Three
species of stingless bees, Plebeina denoiti (vachal)
(Apidae), Meliponula sp. (Apidae) and
undetermined species visited of banana flowers
most frequently (Table 1). Other insect species
that visited the banana flowers were the fruit flies
(Drosophilidae, undet spp), grass flies
(Chloropidae, undet. spp.), honeybees (Apis
melifera), beetles, and ants. Of the insects found,
the stingless bee P. denoiti, fruit flies and grass
[lics were mostabundant. More insects per flower
wereobserved indiscased fields thannon-diseased
banana fields.

Distribution of bacterium on floral parts.
Bacteriacells were isolated from ooze, sap exuding
at the cushions or at the scars and nectar. Bacterial
ooze was found to have more Xcm cells (6.67 x 10°
- 6.00 x10%ells per mL) followed by sap (8.89 x
10'-6.00 x 10%cells per scar) and lastly nectar (2.69
x 107 - 4.1 x 10 cclls per mL). The number of
bacterial cell from these sources increases with
advancement ol discase symptoms up to when 2-
3 bracts show wilt symptoms and drops again at
very advanced stages (4 or more bracts wilted).

Insectspecies vectoring Xem. Xcm wasisolated
from stingless bee (P. denoiti), stingless bee
(Apidac, undel. sp). honey bee (A. melifera),
grass [llies and [ruit flies collected from
asymptomatic and symptomatic plants (Table 2).
The bacterial cells isolated from P. denoiti
collected from diseased plants were more than
iwo times as many as other insect groups.

Insect activity on floral parts. All common
species of insects on banana tlowers were most
abundant at 12.00-2.00 than at 8.00-10.00 and
4.00-6.00 (Table 3). Forexample, more P. denoiti
were captured on flowers during 12.00-2.00
compared to 8.00-10.00 (x*=7.41, P=0.006) and
104.00-6.00 ("= 15.5,P=0.0001). During direct
observation, 60-70% of stingless bee, P. denoiti
were on the male flower or searching for nectar
from flowers. There were 2-5 % of stingless bees
observed on ooze, cushion and bract scar. Insect
species such as the honey bee and P. denoiti were
observed flying {from one part of the bud to the
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TABLE 2. Mean number (ts.e) of Xanthomonas campestris pv. musacearum (Xcm) colonies isolated from insect
vectors collected from asymptomatic and symptomatic flowers of exotic banana cultivar Kayinja

Insect (family) Common name Mean number of Xcm colonies per insect @

Asymptomatic plants Symptomatic plants

Plebeina denoiti (Apidae) Stingless bee 1645 £1197 (3) 607313274 (25)

Undetermined species (Apidae) Stingless bee 26371977 (5) 1368 £3274 (9)
Undetermined species (Chloropidae) Grass flies b 254311963 (7)
Undetermined species (Drosophilidae) Fruit flies 1647+£1197 (3) 239811294 (11)
Apis melifera (Apidae) Honey bee - 505613275 (6)

Number of insects that were positive for Xem in parenthesis

No insect was positive for Xem

TABLE 3. Mean (£ s.e) number of insect visiting an Xcm infected male buds of exotic banana cuitivar Kayinja at

different times of the day

Insect (family) Common name

Mean number of insects per flower

8.00-10.00a.m. 12.00-2.00p.m. 4.00 - 6.00p.m.
Plebeina denoiti (Apidae) Stingless bee 17.0+2.4 37.0x2.7 9.9+1.0
Apidae (undet. Sp) Stingless bee 2.510.4 27103 1.440.3
Chloropidae (undet. Sp) Grass fly 4.510.8 8.2+1.7 7.843.5
Drosophilide (Undet. Sp) Fruit fly 7.241.5 13.1£1.7 5.7+1.1
Apis melifera (Apidae) Honey bee 2.710.4 3.840.5 2.110.4

from asymptomatic plants to non-symptomatic
plants in our study, increases the potential of
transmitting the disease. The number of insccts
visiting the female flowers was higher than those
of male flowers. The higher production of nectar
by female flowers than male flowers is the possible
rcason for the most visitors (e.g honey bees and
stingless bees). This could be because insects
such as honey bees preferred the more nectar-rich
female flowers. In our present study, fewer
bacterial cells were isolated from nectar as
compared to sap and ooze. This suggests that
nectar may not be a major acquiasition site of
Xcm.

Several insect species, which showed positive
for Xcm in the laboratory, were observed to fly
from flower part to another and from flower to
flowerin the field observations. They occasionally
observed sucking from cushions and ooze. Our
studies have identified these sites to be major
acquisition sites of Xcm. This behaviour will

certainly enhance transmission of Xcm wilt from
infccted plants to non-infected plants.

The present results show that insects especially
the stingless bees, grass flies and fruit flies may
play a role in the transmission of Xcm from
infected male bud to non-infected male buds. This
preliminary result therefore suggests that timely
removal of the male bud should interrupt the
transmission cycle and prevent the spread of the
disease, especially if this can be done in those
types that are considered to be at greatest risk to
infection via this route (Tushemereirwe ef al.,
2003). Removal of male buds (de-budding) using
a forked stick is one of the emphasized practices
for controlling the disease. It has been observed
thatin fields where de-budding hasbeen effectively

‘used, the disease has been contained. Further

studies on spread pattern and severity within the
banana field caused by the identified vectors will
need to be investigated for developing and
targeting of management practices.



110
ACKNOWLEDGEMENT

We are grateful to Department for International
Development (DFID) for the financial support for
this research and to Komakech Alfred, Calorine
Omale and Serubiri Isaac for field support. We
acknowledge G. Georgen of IITA, Ibadan for
identification of insects.

REFERENCES

Buddenhagen, I.W. and Elsasser, T.A. 1962. An
insect spread bacterial wilt epiphytotic of
bluggoe banana. Nature 194:164-165.

Harrison, M.D. 1980. Insect involvement in the
transmission of bacterial pathogens. In Harris,
K.F. and Maramorosch, K. (Eds.), pp. 201-
292. Vectors of plant pathogens. Academic
New York.

Liu, A.Z., Kress, W.J., Wang, H. and Li, D.Z.
2002. Insect pollination of Musella
(Musaceae), a monotypiv genus endemic to
Yunna, China. Plant Systematics and
Evolution 235:135-146.

Ngambeki, D.S., Tushemereirwe, W. and Okasai,
P. 2006. Awareness of banana bacterial wilt
by parish community leaders in some selected
districts of Uganda. African Crop Science
Journal 14:165-173.

Thwaites, R., Eden-Green, S. and Black, R. 2000.
Diseases caused by Bacteria. In: Jones, D.R.

W. TINZAARA et al.

(Ed.), pp. 213-239. Diseases of Banana, Abaca
and Enset. CABI publishing' Wallingford,
Oxon, UK.

Tushemereirwe, W .K., Kangire, A. Smith, J.
Nakyanzi, M. Karyeija, R., Kataama, D. and
Musiitwa, C. 2001. An out break of Banana
bacterial wilt in Mukono and Kayunga
districts: A new and devastating disease.
NARO /KARL

Tushemereirwe, W. K., Kangire, A. Smith, J.
Ssekiwoko, F., Nakyanzi, M., Kataama, D.,
Musiitwa, C. and Karyeija, R. 2003. An
outbreak of bacterial wilton bananain Uganda.
Infomusa 12:6-8.

Wondimagegne, E., Korobko, A.P.,Ovechnikova,
L.N. and Tegegne, T. 1982. Bacterial wilt of
enset. Progress Report for the period 1981/82,
SPL, Ambo, Ethiopia. pp. 140-147.

Wondimagegne, E. 1981. Therole of Poecilocarda
nigrinervis (Stal), Pentalonia nigronervesa
(Coquerel) and Planococcus ficus (Signeret)
in the transmission of enset wiltpathogen
Xanthomonas musacearum sp. in Wollaita,
Ethiopia, Msc Thesis, College of Agriculture,
Alemaya. 41pp.

Yirgou, D. and Brudbury, J.F. 1974. A note on
wilt of Banana caused by the Enset wilt
organism, Xanthomonas musacearuum. East
African Agricultural and Forestry Journal
40:111-114.



