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NATDANAI CHANLAWONG : MATHEMATICAL MODEL
DEVELOPMENT TO CONTROL THE OUTBREAK OF CASSAVA
MOSAIC DISEASE IN STOCHASTIC EPIDEMICS. THESIS ADVISOR :

ASST. PROF. PHONGCHAI JITTAMAI, Ph.D., 149 PP.

CASSAVA MOSAIC DISEASE (CMD)/BASIC REPRODUCTION NUMBER
LOCAL STABILITY ANALYSIS/GLOBAL STABILITY ANALYSIS/OPTIMAL

CONTROL;

Cassava Mosaic Disease (CMD) is a plant disease that reduces tuber size and
starch percentage upstream in cassava supply chain, leading to sales decrease of
cassava crop. The aim of this study is to develop a mathematical model that represents
dynamics of CMD caused by the whitefly or planting infected cuttings. Dynamics of
the cassava and the whitefly populations can be traced using the proposed model. There
are four plant states: tolerant, susceptible, exposed, and infected and two vector states:
susceptible and infected. The model is used to analyze the behavior of CMD outbreak
and the optimal control policy can be determined by the proposed model.

Severity of CMD spread is assessed by basic reproduction number (R,), which
is calculated by using the next-generation method. The locally-asymptotically-stable
disease-free equilibrium point is established when R, < 1, using the Routh-Hurwitz
criteria. The globally-asymptotically-stable disease-free and the endemic equilibrium
points are established using Lyapunov-LaSalle’s Theorem. Results indicate that
disease-free equilibrium point is globally-asymptotically-stable and R, < 1, implying
that the disease can be controlled. However, the disease will persist if the endemic

equilibrium point is globally-asymptotically-stable and R, > 1.



v

Sensitivity analysis is used to evaluate all parameters for cause of disease
spread. A parameter with the highest absolute value of R, signifies the critical cause
of outbreak. Numerical results show that reducing the number of whitefly by spraying
pesticide, rouging infected cassavas, selecting non-virus cuttings, or promoting tolerant

cuttings helps containing the disease and reducing the severity of the outbreak.

However, there is no clear cost-effective approach to control disease spread.

The most cost-effective policy is determined using the optimal control theory
and average cost-effectiveness ratio analysis (ACER). Results suggest that the
combined method of tolerant cuttings, spraying, and rouging is the most cost-effective
policy with ACER = 1.643. Numerical simulations indicate that limiting transmission

of whitefly-cassava and vice versa are therefore the key policy.
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