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Abstract. Banana Xanthomonas Wilt disease (BXW) is a baltelisease which highly
threaten banana production in east and centrat&ftt is caused by a bacteria known as
Xanthomonas campestris pv. musacearum (Xcm). Mathematical modelling gives an
insight on how to best understand the transmisdigramics and control of the disease.
The existing mathematical models have not includettaminated soil in the dynamics
of BXW. In this study we formulated a model whichcludes contaminated soil,
calculated the basic reproduction number and chrig sensitivity analysis of some
model parameters. We further conducted numerioallsition to validate the results. The

simulations show that the infection rate by contated farming tools £ andg,), the
infection rate by contaminated sotJ(), vertical disease transmission rat)(and the
shedding rate of Xcm bacteria in the so@)(are positively sensitive to the basic
reproduction number. While, the most negative $imsparameters are the clearance
rate of Xcm bacteria from the soi(), removal of infected plants from the farm)(
harvesting &), and banana plants disease induced death daxd e result also shows
that contaminated soil contributes to the transimisand persistence of BXW disease.
Therefore, we recommend that, along with the exgstiontrol measures scientist and
technologist should carry out studies to find a wayeduce or avoid vertical disease
transmission and increase the Xcm clearance rateinoil. Furthermore, technology for
early detection of infected plants should be broudbwn to the local farmers at
affordable costs. This will help stakeholders t@ede and remove the infected plants
from the farm in time and hence reduce the numbsecondary infections.

Keywords: Contaminated Soil; BXW; Mathematical Modelling; rizama Production;
basic re-production number; sensitivity analysis
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1. Introduction

Bananas are among the most important food crofiseinvorld after maize, cassava and
sweet potatoes. Farmers use Banana fruits as foddf@ commercial purposes to
support their livelihoods. Also, to a lesser extdr@nanas are used to make fibre, wine
and beer. In 2016 the world produced 113,280,308«s (113,280kt) of bananas where
21,019,246 tonnes (21,019kt) were produced in Affld. Despite the importance of this
plant, the Banana Xanthomonas Wilt (BXW) diseasstiika threat to banana production
in Africa. The BXW disease can cause up to 100% tfsbanana produce if not timely
controlled. Even though the social and economicaichpf BXW is not well quantified, it
highly affects the food security status, livelihoofl banana growing households and
national economies at large [2]. BXW is causedheyliacterium known asanthomonas
campestris pv. musacearum (Xcm). It is transmitted through contaminated farmingl$o
insect vectors, soil, Infection from mother plamits suckers, planting and transportation
of latently (Asymptomatic) infected banana plargsq] . A symptomatic infected plant
is identified by the yellowing and wilting of itedves, premature ripening of the fruits
and yellow ooze observed when pseudo stem is §u7[6 The commonly used method
to control the disease is through timely removifighe male bud using a forked stick,
sterilization of the farming tools, debudding andging.

To best control the disease there is a need torstaghel its transmission dynamics.
Mathematical modelling plays an important rolehe study of the dynamics, predicting,
assessing, and suggesting the best control measurestential disease outbreaks.
Researchers such as[7]-[11] have developed mathainaiodels to study the dynamics
of BXW disease. These mathematical models did aké tinto account the role of
contaminated soil in the dynamics of BXW diseasevéMtheless, the findings by [3, 12,
13] clearly shows that, contaminated soil playsoé rin BXW transmission and
persistence. [14] showed that there is a positimeetation between rain and BXW
disease transmission. The rain increases the sddtune and hence favorsthe survival of
Xcm bacteria in the soil. Furthermore, through floev of rain water, Xcm bacteria can
be transported from one place to another. Thereforerder to best understand the
dynamics of BXW disease, there is a need to deva&lo@athematical model which takes
consideration the role of contaminated soil. Irs thaper we developed a deterministic
mathematical model which considers BXW transmissiorough contaminated soil,
insects, farming tools and vertical transmission.

This paper is organized as follows. In Section @rameters and variables are
described, assumptions satisfied by the paramatets/ariables are made, and model is
formulated. In section 3, we calculated the baspraduction numbemR), checked the
stability of the disease free equilibrium pointyred out sensitivity analysis and did
simulations. Finally section 4 includes the conidnsand recommendations.

2. Material and methods

2.1. Model formulation

The model formulated in this study involves bangant population, insect vector
population and contaminated soil. Depending onirifiection status, the banana plant
population is subdivided into three compartmentsnelg: Susceptible plantSY;
asymptomatic infected plants€E(); and Symptomatic infected plants,(. Susceptible

are healthy banana plants which can be infecteBXW when come into contact with
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the Xcm bacterium. It is assumed that susceptibf@ba plants have an equal chance of
being infected when come into contact with Xcm bdatm. Susceptible banana plants
acquire BXW disease through vertical transmissimmtaminated farming tools, soil
contaminated with Xcm bacteria, or insect vectod]3b].

The vectors such as birds, bats and other flyisgdts such as bees are the carrying

agent of the Xcm bacteria from an infected bandaatfo the susceptible plant. Birds
transmit the Xcm bacteria after feeding on ripedmenbunches of an infected banana
plant to the male buds of a susceptible plant B&fts can transmit the disease through
feeding on nectar or ripe banana fruits of an irgfe@danana plant to the healthy banana
plant [5]. Other vectors such as bees transmitdikease to a susceptible banana plant
when contaminated with Xcm bacteria from a male blidn infected plant [15]. In this

paper, the vector population is subdivided intacepsible vectors §,) and contaminated

vectors (). An environment contaminated with Xcm bacteridaesioted by, .

The model considers constant recruitment of bandaats by emerging of new
healthy lateral shoots from the banana plants eptamting of healthy suckers at the rate
ofb,. Through farming activities such as weeding, prgniremoving access suckers,

harvesting and male bud removal, a farming toollmiontaminated with Xcm bacteria
from symptomatic infected banana plants or asymptmninfected banana plants and
transmit the disease at the rgBe or 5, respectively. We further assume that susceptible
banana plant can be infected by the Xcm bactetiadan the soil at a rate ai,. The
average daily contact rate of an infected vecta susceptible banana plant is given by
a and the probability that the contact results teation is given byy .

Matured banana plants are harvested at the ratg.&, proceed tol , at the rate of

gafter showing BXW disease symptoms. An infectedabarplant can be removed from

the farm at the rate of r right after showing syoms$ or die due to infection at a rate of
d . It is assumed that the banana plant can be abiytien infected from infected banana
plant at a rate q. We further assumed that theafatertical transmission is less than the
sum of disease induced death rate and removafedftad banana plants

(@<d+r).

A susceptible vector population has a constanuitsent ratdy,, and it is assumed

that both susceptible and contaminated vectorsndierally at the ratg,. ais the

probability that a susceptible vector gets contateid with Xcm bacteria upon coming
into contact with a symptomatic infected banananpldt is assumed that the vector
becomes infective right after being contaminateth wiie Xcm bacteria. According to
[5], contaminated vectors retain Xcm bacteria \@abbr 3-5 days from the day of
inoculation. This implies that, after 5 days conteated vectors become susceptible

again at a ratgg where < 4, .
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The shedding rate of Xcm bacteria from the infettedana plant ithe soil is given
by®. The Xcm bacteria in the farm soil are clearediradly at the ratt 44, due to lack of

saprophyticor resting stage in s(16].
The model is best described by the compartmentgrdim in Figure 1, whel

! | S,E, S A,
M =aw,—2 and A, =(aw—-+B, 2P+ B PP yg ).
N, N, N, N, Np(K+A)
a1,
1
b, s, Mo( L, Loy A, E)Sy = qB, | I (d+7)L,
e o | ! e
b AR - :
lf.r},ﬁ'p ¥ L < ¢U-p;EE_ ~ 1r.tpf B
N b .""'."'- e :'Q-I]Ilr
~ e e, :
> . '
e " S - — =
- -~ = N ~ T~ - ‘flh
A1S,
L_ S - It-‘ J"I‘hfi.":

;L,,Sl-* + 2L ‘ T &

Figure 1. Basic Compartmental diagram for the transmissiaradyics of BXW diseas

From the compartmental diagram, sold lines repteséransition from one infectic
stage to recruitment, harvesting, natural deatb cdtvectors and clearance of X
bacteria from the soil. The dash lines represemnmabinteractions between differ
compartments and shedding of Xcm bacteria ontoeth@ronment is represented
dotted lines.

From the compartmental diagram we formulate a systedifferential equation
as follows:

ds S| S,E S| S A,

_p:b _aa{ PV_ﬁe P P_ﬁl PP_&J2 P -a.S (1)
dt P N, N, N, N (K+A) °°

dE S, S,E S, SA,

Frag Bt +6l,-a,E,-qE, (2)
dt N, N, N, N, (K+A) PP P
dr,

E—qu—aplp—dlp—rlp 3)
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dA, _ _

p Ao - A, (4)
ds, _ gy o

dt _h/+,7|v a&% Np NVSI (5)
dl, _ Sty

o=l — 4, (©)

p
The equations of the total population of bananatpland total population of vectors are
given by:
dN,

? = bp—apr+0|p—(d+r)|p (7)
dN

—_— VvV = - u N 8
- XN, 8

2.2. Basic properties of the model

In this section we are going to check whether tloglehsystem is epidemiologically and

mathematically well posed. This is done by checkimg invariant region of the model

and positivity of the model solution to make surattthere is no negative solution to the
model variables. From equation (7) we have

dN

S BN, )
b b . _,

N ()< —=+(N,(0)-—)e ™ (10)
ap ap

b

From equation(10), two cases are emerging. Cas¥hktn Np(O)s—p ast - o the
a
p

b
total number of banana plantd, (t) increases te2 . This implies that
a
p
b

N, (0)< N, (t)<—,0, (11)
ap
b b o

Case 2: WheNp(O)z—p , N,(t) decreases teX- ast - . This implies that
a a
p p
bp
N, () s_ts N, (0), 0o (12)

p

b
GenerallyD; ={S(1), E(1, I () ORS: N (0)s N (t) s—>, 0.0} .  Again,  from
a
p
equation (8) we have

dN
—Y < —u N 13
ot b, = 4N, (13)
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Solving this, results into

N, (1) < %+(NV(0)—&>e'”v‘. (14)

p Y
From equation (14) it follows that, whNg(O)zE, ast - oo, the total number of
3
vectorsN, (t) reduces to&. This means that
\2

N, (0 S < N,(0), T (15)
H,
- b b,
Again, wheer(O)sa— , ast — o the number of vectord\,(t) approaches te-.
p Y
This means that
N,(©)2 N, 0= O, (16)
H,
Therefore,
D, =(S(0. L) DR NO) SN S ) )
Vv

Furthermore, it is proved that

D; ={A(!) OR, O (18)
Considering the non-negative initial solutionste# tmodel,(0) > 0,E, (0)= 0 , (O O
A (0)20,5,(0)= 0J, (O C the model system (1) - (6)is positive invariamda
attracting in the region

D = {D,xD,xD, DOR®, 0} (19)
Therefore, the model solutions remain positive lamanded in the region 0.,

3. Resultsand discussion

3.1. Disease free equilibrium point

A disease free equilibrium (DFE) is the point atishhthere is no infection in the
population. Thus, the populations comprise of augceptible banana plants and vectors

and no Xcm bacteria in the soil. LeX, =(S),E2,1..S”,1,2,A7) be the disease free

equilibrium point of the system (1) - (6). Settitige rate of change of each model
variable in the system in (1) - (6) to zero and/isw the system results into DFE in (20)

b
Xge = (SR L.S%1.0AD = O 0,02 0,0 (20)
p

v

3.2. Basic reproduction number Ry

A basic reproduction numbeR{), is an average number of new infection caused by
one infective individual in a population where a8 members are susceptible. It
helps to understand the ability of the diseasent@ade the population [17]. In this
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paper we apply the next generation method as testhy [17, 18]. From the system
of equations(1) - (6), consider the infected suktean

dE S| S E S| S, A,

p _ p v P—p p°p P
— = aw, + L5, + 8 +w, +6l —-a E . -qE (21)
dt N, N, N, N (K+4) 7 PP 7P
di S,Ip
—V = -nl, =, 22
G 2@ N, =il (22)
%: gE, —a | —dl_-rl (23)
dt p pp p p
d
(:1: ¢Ip_:uhA1 (24)

Let x=(E,,l,,l1,,A,) andy=(S,,S,), where x and yare infected and susceptible
compartments of the model, respectively. Separdtieginfected subsystem (21) - (24)
into two parts, results into (25) and (26), whefgx, y)is the transmission part which

portray the generation of new infections a¥ifk, y) is the transition part which involves
change of states.

acq_s”lv " S,E, g Sl e SoA val,
N, N, N, N, (K+A)
I
F(xy) = awgL (25)
Np
0
0
—a,E, —qE,
—/7Ip—,uvlv
V(X,y)= (26)
qQE, —a,l,—dl,-rl,
¢Ip_:uhA1
Let Fz%:;’y) andvzw where x :(Ep,l ,Ip,Aj) for i=1,2,3,4 At the

DFE every member of the population is susceptibiesS, = N, (0) . Differentiating and
evaluating atX 4, results into

pooaw pro 2
awya b,
F=|0 O ,u—bp 0 (27)
v p
0O O 0 0
0O O 0 0
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(@, +0) 0 0 0
ve| O @+w) 0 0
-q 0 (@,+d+r) O
0 0 @ Hn
1 0 0 0
(a,+0)
0 1 0
Vs (n+4,)
q 1
(a, +a)(a,+d+r) (a,+d+r)
qg 4 1
(a, +a)(a, +d+r)u, (@, +d+n)u,
Then it follows that
au
Tr N+, Te
. awa,h,q awa b,
,uvbp(ap+q)(ap+d+r) ,uvbp(ap+d+r)
0 0 0
0 0 0

0
0

(28)

(29)

(30)

Now, let the matri)Q:FV'l, the basic reproduction numbé®, of the model is a
dominant eigenvalue of the matrix Q. Therefore,

1 1

a’wawah,q

R :ETR +_2\/(TR) +4(/7+,uv)uvbp(a+q)(a+d )

(,3. +6?)q

+

wy

TR — 188 +

_ap+q (ap+q)(ap+d+r) k(afp+d+r)(afp+q)/,1h

__B+o | P
ay+d+r k(a,+d+r)y,

C

From(31); 1
a,+

(31)

(32)

is the average time that a banana plant stays imsymptomatic

infected stage before proceeding to the symptoniafiicted stage. In this duratiof,
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new infection are generatedq— is the probability that an asymptomatic infected

ap+q

banana plant proceeds to an infected compartmem_':ld—_'_ is the duration by which
a r
p
an infected banana plant stays in an infected gmbuning its lifetime. 4 +8is the
expected number of new infections to the bananatpgaoduced by a symptomatic
infected banana plant before being harvested, rechdnom the farm or dying due to

BXW disease infection.% are the expected new infections caused by the coméded

H
soil.

3.3. Local stability of the DFE point

Theorem 3.1. If X4 is a DFE of the model given by(1)—(6), theXy.is locally
asymptotically stable R, <1, and unstable iR, >1

Proof: The proof of Theorem 3.1 is similar that of Theor2.1 of [17]

3.4. Global stability of the DFE point
Global stability of the disease-free equilibriumirgomeans that the solutions of the
system are attracted to the DFE point over indifitime.

Theorem 3.2. If Xy.is a DFE of the model given by (1) - (6), thefy.is locally

asymptotically stable iR, <1, and unstable iR, >1.

Proof: Lyapunov function constructed using matrix theigrehethod based on the
Perron eigenvector is applied to prove the Gloliabiity of the DFE X as done in
[20, 21]. Now, letx=(E_,I,,l,,A))andy=(S,,S ). From a subsystem(21) - (24), the

function f (x, y)and X can be written as in (33)and (34)respectively.

f(xy)=(F -V)x=F(x,y)+V(x,y) (33)
and

X =(F =V)x-f(xy) (34)
Solving for f(x,y) results to (35)

Be(S, ~S))E, L a(Sy-S))l,  A(S =Sl | @(S,-S)A,
Np ND ND ND
F(xy)= aw,(S, - S,)1,
HNy
0
0

(39)
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Referring to Theorem 2.1 of [21]. Since from (&7 0, in (29V >0 and from (35)
f(x,y)=0 then (36) is a Lyapunov function of the model){¢#4) whered" is the left

eigenvector of the matri¥ F Corresponding to its spectral radiBs.
Q=9"Vx (36)
Reducing the matri¥ 'F to its row echelon form, the left eigenvectofis=(1,0,0,0).

E
Q=—2 (37)
a,+q

Sinced" >0 and the matrixy *F is irreducible and non negative, then Theoremo®.2
[21] can be applied. Differentiating (36) results to)(38

Q =9V (38)

Substituting (34) into (38) gives (39)

Q =JVH((F-V)x-f(xy)) (39)
=9VHF -V)x=-9V(xy) (40)
=(R, 13" x-9V (x,y) (41)

Substituting the required equations in (41) yidkiz).

O =(R-DE, -1 ﬁe<s‘;—sp)Ep+aq($—sp>lp+ﬁ(spl;sp>lpﬂ(spN—sp)Ahj

a,*q N, N, P P

(42)
From (42) it can be observed th@t <0 if Ry<1. Butif R, =1,Q =0~ S} =S or
E,=1,=1,=A,=0. Thus, by Theorem 2.2 of [20] Xyis Global Asymptotically
Stable in D wherR, <1 and unstable wheR, >1.

3.5. Parameter values
The parameter values are obtained from relatethliiee and some are assumed in the

interval (0,1). The values for the parameters,r,4, andb,, are adopted from [10].

B.,4,w; and a are from [11]. b, from [8] and & from [15]. Table 1 shows the
parameter value per day.
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Table 1. Values of the model parameters
Paramete Value/Rang Paramete Value/Rang Paramete  Value/Rang

d 0.0167 @ 0:4 b, 0.02
@ 0.89 B 0.1429 @ 0:2
ap 0.0056 K 1000 Hy 0.02
0 0.0286 " 0.01 w, 0.2
r 0.0105 q 0.3 n 0.0286
b, 0.01667 a 0.2 B 0.3

3.6. Senditivity analysis

Sensitivity analysis is the process of determirtmgyinfluence of each model parameter
in the basic reproduction numbdR,). This guides the selection of the disease control
measures, where the most sensitive parametersgilg bonsidered. This study applied
the Normalized forward sensitivity index to detemmithe sensitivity of the model
parameters as in[21]. If tH&, is differentiable with respect to its parametethen the
sensitivity index of u is given by(43).

v =R, U (43)
ou R,

Since theR, in (31)is differentiable to all its parametersywnae apply (43)to calculate
the sensitivity indices of the model parameteragifiie values in table 2. This results to
sensitivity indices as indicated in Figare

A positive index implies the direct proportionalid§ the basic reproduction number
with the corresponding parameter. A negative indeans that the parameter is inversely
proportional to the basic reproduction humber. @asing theR, implies increase in the
BXW disease endemicity while decreasiRgto less than one lowers the endemicity of
the BXW disease. From Figueethe parameters,, 6,43 and £, have positive indices,
which sends the message that increasing (or déng¢asy of these parameters keeping
other parameters constant, results into the ineréasdecrease) of the basic reproduction
number (R). For instancel3 =0.602415!means that increasing (or decreasing) the value

of the parametej3 increases (or decreases) thgbi 6.024153%Thus, decreasing the
rate of infection by farming tools, vertical trarission, rate of shedding Xcm bacteria in
the soil and reducing the rate of infection throwghtaminated soil reduces the value of
the R and hence helps to contain the disease. Convetbkelyparameters with negative
indices arer,d,ap,q,K and 4, which means that, increasing (or decreasing) dny o

these parameters results to decrease (or increfitlee¢ R. In order to best control the
disease these parameters with negative indiceddsheuincreased so as to reduce the
value of the R

According to [4]Xcm bacterium is systemic in nature, it can invdtewhole plant
from the point of infection to its lateral shoofsthie diseased plant is not properly
removed on time. Now, leaving the diseased plamti¢an the farm gives a chance of
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the Xcm bacteria to spread wider and hence sprf the disease. Therefore, t
parameterd should be carefully considered during the selectibaontrol measure:
Other parameters whose indices are more close o ae considered to be le
sensitive to theR,, hence they can be tolerat

0.8
06
0.4

0.2

Sensitivity Indices

-0.2

-0.4

0.6

Figure 2: Sensitivity Indices for the model parameters

3.7. Numerical simulations

In this section we simulate the basic model tosthé dynamics of BXW disease wh
control measures are not included. Although thesmilts seem to be the expec
behaviour, however this study has established ftienal rate that will reduce the ne
infections to the lowest possible levFrom Figure3it is observed that the number
susceptible plants decreases exponentially dugfeotion by BXW disease. The numt
of asymptomatic banana plants increases durindirdiefour months of infectin. After
four months the number of asymptomatic plants startdecrease while tthumber of
symptomatic plants continu to increase. This is because most of the bananizars|
start showing symptoms after 3 months and t reduce the number a symptomatic

plants.
4000 3000
.................... Sv=Susceptible Vector
OO PN e lv=Contaminated Vector
Sp=Susceplible Plants 2500
3000 . . . . ‘_x". Ep=Asymptomatic Plants
" - weeeeeees Ip=Symptomatic Plants
S [
2 2500 S
= & 2000 f,
: EREE Y
2 2000 g o
@ o S
2 5 -
5 g ]
£ 1500 B 1500 "L
@ > el
sssss
.
1000 A e e
w00 T
—
500{ ~-
% 2 ¢ & 8 10 12 11 15 18 2 500
0o =z 4 6 8 10 12 14 16 18 20
Time[Months] Time[Months]
(a) Banana populatic (b) Vector populatio

Figure 3: Population dynamics
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It can also be observed that without control messsuafter 18 months all the
banana plants will be infected with or without syoms, which implies that there will be
no susceptible plants. Figure 3 shows that the weundf both susceptible and
contaminated vectors in the farm decreases witle s the number of banana plants
decrease. This may be attributed by low recruitmatet vs. high mortality rate.

Sensitive parameters

Figure 4 shows that as the rate of infection thihofagming tools contaminated with Xcm
bacteria from symptomatic infected banana plag9 (ncreases dramatically increases
the number of asymptomatic and symptomatic infettadana plants. This eventually
results to the increase in number of symptomatiected plants. Figuré shows that
increasing the rate of infection through farminglséocontaminated with Xcm bacteria by
an asymptomatic infected banana plang, ) increases the number of secondary
infections.

)

[}
(=)
(=]
(=

S 4000

=
I
o
o
=
p

1500 F /,2=n0 3000 A

1000 | § % 2000 e

500 | S 1000 J

Asymptomatic Infected plants(
Symptomatic Infected plants(l
o
(o)}

0 5 10 15 20 0 5 10 15 20
Time[Months] Time[Months]

(a) EffectonE (b) Effectonl|
p p

Figure 4: Variations in the rate of infection through farmitools contaminated from
symptomatic infected banana plants
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Figure 5: Variations in the rate of infection through farmitools contaminated from
asymptomatic infected banana plants

This implies that when performing farming activitidarmers may transmit the
BXW disease unknowingly through asymptomatic irdecbanana plants thinking that
they are health plants. In Figarié can be observed that increasing the rate otiitde

through contaminated soikd,) increases the number of asymptomatic and symgioma

infected banana plants.
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£ 1400 w ~
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S 1200 w.=0.2
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>
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(a) EffectonE,
Figure6: Variations in the rate of infection through contaated soil
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(b) Effectonl,

With reference to Figurg, the natural clearance rate of Xcm bacteria insthik(
M4,) has an impact of on the dynamics of BXW disedsereasing /4, reduces the

number of new infections generated through contataethsoil. Therefore increasing this
parameter decreases the number of Xcm bacteriutheirsoil and hence reduces the
number of secondary infection through contaminaigiti Furthermore, Figure 8 shows
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that timely removal of infected symptomatic plargduces the number of new infections
generated by a symptomatic infected banana plant.
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Figure 7: Variations in the natural mortality rate of Xcmcheria in the soil
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Figure8: Variations in the rate of removing symptomatieited plants from the farm

4. Conclusions
From the results, it is observed that the mostisemgparameters of the model are: the
rate of infection through farming tools contaméathby Xcm bacteria from symptomatic

infected plants(3), the rate of infection through farming tools contaated by Xcm
bacteria from asymptomatic infected plan{g,), the rate of infection through
contaminated soila,), rate of removing infected banana plant from thEmf(r),
Clearance rate of bacteria in the environmént), vertical transmission(d), and

127



John Joel Mapinda, Gasper Godson Mwanga and Ver@aace Masanja

disease induced death rate of an infected banama (ui) Results from the parameter

w, and 44, show that contaminated soil contributes to BXWedge transmission and

persistence. Thus ignoring this component of thelehaay lead to underestimation of

BXW disease transmission.
Therefore, in order to best contain the diseasengalwith the current control

measures we propose the following recommendatmasiéntists and technologist:

= To carry out studies that will find a way infectiftom infected mother plant to its
suckers can be reduced or completely stopped.

= To carry out studies that will find a way to speagl the clearance rate of Xcm
bacteria in the soil without disturbing the ecosgstso as to avoid soil inoculum
which is the source of soil borne infections ansig¢ence of the disease in farm.

= Furthermore, technology for early detection of atéel plants should be brought down
to the local farmers at affordable costs, this wdllp stakeholders to detect and
remove the infected plants from the farm on timésoAfarmers when performing
farming activities such as harvesting, pruning, dieg and removing of the infected
symptomatic banana plants should sterilize theimiiag tools before moving to
another banana plant.
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