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ABSTRACT

The banana bacterial wilt caused by the Xanthomonas campestris pv. musacearum (Xem) 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 {lowers. This study carricd 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 discase. The most abundant insects visiting
banana flowers are stingless bee, Plebeina denoiti (Vachal) (Apidac), fruit flics (Drosophilidae) and grass flies
(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), Truit flies and grass flics that had been collected
from male flowers of both asymptomatic and symptomatic plants. The bacterial cells isolated from P. denoiti were
more than two times as many as other insect groups. Further studies to confirm the mode of transmission by insects,
and to investigate transmission epidemiology and biology of banana Xanthomonas wilt have been initiated.
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RESUME

Le flétrissement bactérien de la banane causé par le Xa est I'une des contraintes majeures dans la production de
la bananc en Ouganda. Les observations de terrain suggerent 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 la banane
en floraison, a investigué les sources possibles d’inoculum dans les plantes de la banane et déterminé les especes
d’insectes qui transportés les bactérics sur feurs corps et ainsi devenir les vecteurs possibles de la maladie. Les
insectes visitant le plus souvent les fleurs de la banane sont les abeitles Plebeina denotii (Vachal) (Apidae), les
mouches (drosophilidac) et les chloropidac. Les fleurs femelles avaient deux fois plus d’insectes que les fleurs
males. Les cellules bactériennes taient isolées du P. denotii, les abeilles Apis melifera, drosophilidac et les
chloropidae qui ont ¢été collectées de fleurs males et les deux plantes asymptomatiques et symptomatiques. Les
cellules des bactérics isolées a partir de P. denotii éaicnt deux fois plus importantes que les autres insectes.
D’autres études. sont nécessaires pour conlirmer le mode de transmission par les insectes, et investiguer la
transmission épidémiologique et la biologic de !a banane Xanthemonas, devront étre initiées.

Mots Clés: Xanthomonas compestris p.v musacearun, insectes veeteurs, transmission
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INTRODUCTION

The banana bacterial wilt disease caused by the
bacterium Xanthomonas campestris pv.
nusacearum (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 serious threats to banana production in
the country (Tushemercirwe et al., 2001, 2003).
I unchecked, the disease will cause massive
fosses in areas of intensive banana cultivation
threatening, the livelihoods of millions of farmers
in East and Central Africa.

Bacterial wilt was initially reported in Ethiopia
on Enscte (Yirgou and Bradbury, 1968). Xcm
infection causes losscs in banana production
through carly ripening and rotting of fruits, and
through wilting and death ol plants belore
flowering. To date, all types of bananas appear
susceptible, although certain cultivars (c.g. ABB
genolypes) are probably more susceptible to the
discase.

Banana bacterial wilt appcars to be similar to
Mokodisease (Ralstonia solanacearunt) ol banana
withrespect to discase development, transmission
and damage (Thwaites ef al., 2000). Stingless
bees, wasps and flics are belicved to be important
vectors of Moko discase with infection commonly
occurring through the moist cushions or scars of
recently dehisced male flowers and tloral bracts
(Buddenhagen and Elsasser, 1962; Yirgou and
Bradbury, 1974). Transmission of Xcm 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 inscct
transmission through the male inflorescence
(Tushemereirwe etal.,2001). This is based on the
fact that the male bud bracts and ooze on male bud
statk where insccts 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, (ii) 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° O0’N and 32°30'-33°00’E), Luwero (0°54°-
1°45’N and 31982°-32°78’E) and Mpigi (0°11’S-
0°42’N and 31°30°-32°41’E) districts where the
disease is now considered endemic. A sub-county
was visited ineachdistrictand five farms surveyed
perdistrict. Tento 15randomly selected flowered
plants on a farm were sampled. For each plant,
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 | minute to
knock out the insects. The insects were then
emptied on a piece of paper and sorted according
to recognisable 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 inscct
acquisition sites, an attempt was made 1o isolate
Xcem 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, ncctar and ooze was serially
diluted 3 times (107, 10" and 107) with sterile
distilled water. Ten pmL of ecach dilution were
spread plated on to the semi-sclective isolation
medium (S-{luorouracil - cephalexin agar). These
were incubated lor 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, inscets were collected in nets as
described above. On cach farm 5-7 plants were
assessed and information on whether the flower
was discased or not recorded. Sampling was
conducted twice intwo farms in Mpigi, two [arms
in Luwero and (wo farms in Mukono. Five
individuals of each insect specics were placed in
a vial. In the laboratory, the inscects were washed
in ImL of 10% yeast peptone broth. The wash was
then serially diluted 3 times (10 10" and 107)
with sterile distilled water.  Ten uL of cach
dilution were spread plated on to the semi-selective
isolation medium and incubated at 25°C for 5
days. Thereafter, plates were examined for growth
ol Xcm colonies and the number of bacterial cells
per five individuals of cach insect species
determined.

Insect activity on floral parts. To determine
inscct activity on floral parts of banana plants,
samples of'insects were taken from bananatlowers
using an inscct net at different times of the day (ic
8.00-10.00, 12.00-2.00 and 4.00-6.00). Sampling
by direct observations of inscct presence on the
floral parts of the male bud and behaviour in the
ficld 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 diffcrent
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)
(Apidac), Meliponula sp. (Apidae) and
undetermined species visited of banana flowers
most frequently (Table 1). Other insect specics
that visited the banana flowers were the fruit flies
(Drosophilidac, undet spp), grass flics
(Chloropidac, undet. spp.), honeybees (Apis
melifera), beetles, and ants. Of the insects found,
the stingless bee P. denoiti, fruit flies and grass
flics were mostabundant. More insects per flower
were observed indiscased ficlds than non-diseased
banana fields.

Distribution of bacterium on floral parts.
Baclteriacells werc isolated from ooze, sap exuding
atthe cushions or at the scars and nectar. Bacterial
ooze was found to have more Xem cells (6.67 x10°
—0.00 x10cells 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% cells per mL). The number of
bacterial cell from these sources increases with
advancement of disease 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. Xem was isolated
from stingless bee (P. denoiti), stingless bee
(Apidac, undet. sp). honcy bee (A. melifera),
fliecs and (ruit flics collected from
asymptomatic and symptomatic plants (Table 2).
The bacterial cells isolated from P. denoiti
collected from discased plants were more than
two times as many as other insect groups.

arass

Insect activity on floral parts. All common
species of insccts on banana flowers were most
abundant at 12.00-2.00 than at 8.00-10.00 and
4.00-6.00 (Table 3). For cxample, 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 (3*>=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 werc
observed flying [rom one part of the bud to the



L
A eta
ZAARA
N

TI

W.

le
a
orm m
ct fro
bra fly
nderd tOds~
rto Userv‘;e bu
t Scao O.b ma
brace als atic to
T m
fr"nt]S Wemp“) ON .mjlarase
(eg sec asy SI e si dise ss
her In’ to S b to le
ot er). atic ISCU rs to ect Stingtant
ow tom ea Sp e. or
?ymp D . wpper E,Zmafe impmonlzr
1 w d m SO
.1Wana an dto Co ar S
1al n .n, e ion sc ct‘
oase of bn issl(i)e“?vfect’os oral bra of
a ase ‘nsmare ithin hionﬂorc1 ral in
O?vc:: Banandise [tr‘lﬂies e wi tcusa“d seveed lh
o~ + nt, ase¢ is
. R N M°kfopm§s a“idisii m;’(l,werf962){nvolt;r°“grs
8 r‘ﬂézw'm eve as ok ht f I, be ns Wef
10 EH’ON d sﬂNfM e sse S 0
2 N o bee SO thro d m Isa to atho ted cies s
v ] ~ tO. isce E wn.lp,fcc e as
[} = (¥ mng 1S and [¢] 14 -in Sp r .
£ o o v “curr dehen a e knacternon lthree and iand
3 o © oc ntly hag ar ctb to ies, ies ba ese
« po mﬁé& ece den cts inse ted udi it fl the th o
= = = ¥ 1d,se fi fec st ul,h,ns th
g 8 5@03“’.& Bu ,n_no in ur fr it tio of -
o % o H (=) M~ ( se issio m nc cs, w va art on
S 8 o 5}’,+qu the is t fro ). 1 be.tedbser ep ton,n
£ g g = NS ansm en 1980 o“ey,oclad 0 on nts r ca
% 5 £ = trovemo“’ S hd 288 fiel vfromdpla\,iou pick
£ i cs, ino : e a d
5 k= w m rrls,be n ng ﬂy,,aS h 5 to an
2 £ 0 o (Ha less . fouDurlcd to dls.e o be‘ects nts a
2 < IR sting wet ce. serv from agin ins pla ia
© ) f\_Jl & S ‘]ieS scen. ob‘.and” t()_rthese ted cter
5 s c;!,gqgr ( Tore e‘ethe' This of ,nfef ts. ba s to
S 9 @ S8 nf s w 0 ial 1 lan the cle le
g o & 9SS ! sec “to a“lants' n“‘ﬂ-om ed phe“ ndu ma
3 5 3 Qo ' wer d p potcns infect d w pe hich igen
8 | 8 e thethogeon’nfecteooz’n%n Zde“hiells
‘e = is c ; n n TO R
; § © dnhan?al p:m t(i are 1fr"n;cle gr (Bucterlallloney
L« ¢ er h ts s u e al 1
= 5} ) T acte itt ]an. ec ed isc b es, fro
g @ o gl b ~ e bdnsmlthy pb)’ l"stnc P dehl‘tud)l’éss bected ition,
B m%@ﬁ” tzkamismmwom:%cw;m%m“
3 © '—,‘o.'— calrT ion C n wS_
é % § 3 are gclcushl?,e r562), Isectst(ﬂles)lantsOoze’olatet(:
Iz S ;‘rcsh rs hfler, : m lr; frui aticp on as‘lsplane
£ & owe $ass dff(? and tomt ing meatlc in th_
» o © - fl d Els late Ties ymp fordiatx tom edi on
o 3 i _ ) is0 f $ " lv n
3 3 § p :3: = a“)re ° ass 'can(\irvcd) fact Symano ed to the
2 £ = S99 @5 we s, gr ati obse The m a dbei ease trate ve
@ £ < S el © N - €S, om S fro 1 dis S ha
T o c t e« $ n
£ ‘% @ 3 &—)l S @ bymp Wershlon cted‘[s Col;‘l-omdemoxcm
2 < g B o as ccts deu colle sce ria to of day
g ins an ing te ies ion ire
E h m rsa ects the bac di issio tir 00.
ars S stu $ n .
’é. s“‘)lm 1n:s thatoflh?eld szlnsml the ; ()()"zsect
‘1-(‘.n tr. : ’~in,
2 88 g4 [‘ ggegisslo nts. Fthe da. durlrtl,i“t 11"0r nch)
= 33 2 2 = s stnsmd pla s angan ited ma rded (Fraceae)
o oo 8 52"3 S tre sec sec in is fro co pa sa re
= w"’—cx_u_ isea in 1 V‘ re_ ar u €
£ o s %_E’g © dl?e of 'tiﬁ‘tEderall~)t/a“0ne‘re 1as’0~61y (MC‘S Wa“d
g £ 8’525 10 ini en isi S W lla ami inse her
£ c 3 o < een cts gak Vtion use a faha1 ' not
) 5 g b I“Sehe be erva OfA;[anan ctt ttoa
£ 73-‘_:’ ,tbS rS,'faar
% g g -g_ Wlth.]ar OﬂOWe_ nus The erp
gg imi f ¢ w
4 © gg Sim rso ic goz)- flo
2 5 58 VisltOnOtYf’ 20 from
P 3 @ 3 ; moe’ a .}’ing
E A§§a%§ amvw“
o ® g3 3 58 bser
2 %g%%%g o
5 s%dEEE
= = RS 2 £ 5
2 8 e I & 4
© L c S b 2o
@ © g S g 3 2
2 g5 8‘35 )
= 288
= | L E
= TS5
Q £ @
€ 5]
2 5
e 3
‘%5 £
<
-



Insects in the transmission of banana bacterial wilt 109

TABLE 2. Mean number (+s.e) of Xanthomonas campestris pv. musacearum (Xcm) colonies isolated from insect
vectors collected from asymptomatic and symptomatic flowers of exotic banana cuitivar Kayinja

Insect (family) Common name Mean number of Xem colonies per insect 2

Asymptomatic plants Symptomatic plants

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

Undetermined species (Apidae) Stingless bee 2637+977 (5) 1368 £3274 (9)
Undetermined species (Chioropidae) Grass flies - 2543+1963 (7)
Undetermined species (Drosophilidae) Fruit flies 1647+1197 (3) 2398+1294 (11)
Apis melifera (Apidae) Honey bee - 5056+3275 (6)

8Number 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 cultivar 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 17.02.4 37.0+2.7 9.84+1.0
Apidae (undet. Sp) Stingless bee 2.5+0.4 2.7+0.3 1.4+0.3
Chloropidae (undet. Sp) Grass fly 4.5+0.8 8.2+1.7 7.8+3.5
Drosophilide (Undet. Sp) Fruit fly 72815 13.1+1.7 5.7+1.1
Apis melifera (Apidae) Honey bee 2.710.4 3.8+0.5 21104

from asymptomatic plants to non-symptomatic
plants in our study, increases the potential of
transmitting the disease. The number of insects
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
reason 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
fcmale flowers. In our present study, fewer
bacterial cells were isolated from ncctar as
compared to sap and ooze. This suggests that
ncetar may not be a major acquiasition site of
Xem.

Several insect species, which showed positive
for Xcm in the laboratory, were observed to tly
from flower part to another and from flower to
flowerin the field observations. They occasionally
observed sucking from cushions and ooze. QOur
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 malc bud should interrupt the
transmission cycle and prevent the spread of the
discase, especially if this can be done in those
types that are considered to be at greatest risk to
infection via this route (Tushemereirwe er 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 ficlds where de-budding has been 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.
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Xanthomonas campestris pv musacearum HOST RANGE IN UGANDA
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ABSTRACT

The bacterium, Xanthomonas campestris pv musacearum causes the banana bacterial wilt. Effective disease
management requires removal of inflorescence and cultural practices such as sterilisation of garden tools and
roguing of infected plants and destruction of diseased plants. It also requires good knowledge of host range of
this pathogen. Symptoms include premature fruit ripening and yellowing of Icaves. The goal of this study was
to investigate ctiology of the disease in banana, which up to now is not well studied to guide screening processes.
Thus, bacterium wasisolated and ImL containing | x 10% bacterial cells/mL was injected into petioles of youngest
open lcaves / 3% internodes from shoot tips and 25 plants each, of the 20 suspected plant species assembled in pots
inalarmer’s field. This isolated bacteriuminduced symptoms often associated with X. campestris pv musacearum
infcetion to banana plantlets within 2-5 weeks. The bacterium also incited wilt symptoms in wild banana relatives,
Musa zebrina and M. ornata and in an ornamental / wild weed Canna indica but not in other test plants. In the
hanana plantlets the earlicst observable external symptom was collapse of the leaf blade along the midrib followed
by scalding and dull green appearance of the leaves.

Key Words: Alternative hosts, banana bacterial wilt
RESUME

La bactérie, Xanthomonas compestris p.v musacearum cause flétrissement bactérien de la banane. La gestion
elficace de la maladic nécessite I'enlévement de pratiques inflorescences et culturales comme la stérilisation de
outils dc jardinage et I’isolement des plantes et la destruction des plantes infectées. I1 nécessite aussi une bonne
connaissance des plantes hotes des pathogenes. Les symptdmes incluent le marissement prématuré des fruits et
le jaunissement des feuilles. L’ objectif de cette étude était d’investiguer I’ étiologie de la maladie de 1a banane,
qui jusque maintenant n’est bien connue pour guider le processus de dépistage. Alors, les bactéries était isolées
et I mL contenant Ix 10f cellules bactériennes/mL étaient injectées dans un pétiole de jeunes feuilles ouvertes/
3eme internes de top des rejetons et 25 plantes, et les 20 espeees des plantes suspectées assemblées dans des pots
sur les champs des paysans. Les bactérics isolées ont induit des symptomes souvent associées aux les infections
des bananesavec X. compestris p.v musacearun dans 2 2 5 semaines. Les bactéries ont aussi incitée les symptémes
de flétrissement aux especes sauvages des bananes, Misa zebrina et M. Ornata ct dans les mauvaises herbes
ornementales Canna indica mais aussi dans d’autres plantes testes. Les premicres observations montrent que les
symptomes externcs sur les plantules de bananes était la chute de ailette des feuilles autour de midrib suivant les
briilures et unc apparence verte terne des feuilles.

Mots Clés: Hote alternatifs, flétrisscment bactérien de la banane





