
Modeling the spread of Curly Top Disease in tomato crops
Rachel Frantz*, Claudia Nischwitz**, Tyson Compton**, and Luis Gordillo*

*Utah State University, Department of Mathematics and Statistics, **Utah State University Department of Biology

Introduction
Curly Top Disease (CT) affects more than 300 
species of plants. This includes economically 
important crops such as tomatoes, sugar beets, 
beans, and peppers in semi-arid areas across Utah, 
Arizona, California, and Nevada [1]. Tomatoes 
infected with CT display signs of stunted growth 
and upturned, choleretic leaf margins. In most 
cases, infected tomatoes do not produce new fruit, 
and fruit that was set prior to infection fails to fully 
mature [2]. Historically, CT has caused extensive 
damage in tomato crops, resulting in substantial 
economic loss for the tomato industry [3]. Control 
methods for CT are scarce, and methods for 
predicting and assessing the scope of CT outbreaks 
are limited. 

Goal: Accurately model the progression of 
Curly Top Disease in tomato crops and assess 
the variability of Curly Top Disease outbreaks.

Methods
We implemented two theoretical models, deterministic and stochastic, which we proposed within the 
classical susceptible-infected framework. The models assume a mixed plant population of beets 
(preferred hosts) and tomatoes (unsuitable hosts). The models consist of four classes, one susceptible 
class and one infected class, for each plant type. Due to the mechanisms of transmission, we consider 
only the beets to be infective agents. We parameterize the model using data collected from an 
experimental tomato field (Figure 1), in which tomatoes were planted next to beets. We then use these 
parameters to study the evolution of disease incidence variability over time. 

Deterministic Model:  
The deterministic model is given by a set of coupled ordinary differential equations. This model assumes 
two transmission parameters for “between suitable host transmission” (beet-to-beet) and “from suitable 
host to non-suitable host” (beet-to-tomato) transmission. We begin by defining the following state and 
transmission parameters:

Then, the model is given by:

Stochastic Model: 
For the stochastic model, we assume two possible transitions:

We then use a stochastic simulation algorithm and the estimated transmission rates from the 
deterministic model to produce 10,000 realizations of the process.

Results
The stochastic and deterministic models provide 
reasonable approximations of the CT outbreak as 
compared to the observed disease counts (Figure 
2). The standard deviation of the number of 
infected tomato plants over the first seven weeks 
is shown in Figure 4. The identification of the 
variability of CT outbreaks allows for important 
insight into the range of outcomes for any given 
outbreak.

Quickly explain what the figures show.

Transmission Characteristics
Curtoviruses are transmitted by the beet 
leafhopper, an insect that acquires and transmits 
the viruses while feeding on plants [2]. A virus-free 
leafhopper acquires the pathogen from an infected 
plant only after a relatively long exposure [5]. 
Tomatoes are not a preferred food source for 
leafhoppers, and after biting a tomato, 
leafhoppers quickly move on [6]. Thus, it is 
believed that the spread of CT to unsuitable hosts, 
such as tomatoes, is a consequence of sample 
feeding by the leafhoppers [5, 6].
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905.205Figure 1: Weekly disease maps for CT progression 

in tomatoes observed from June 6 - August 7, 2019. 

𝜷: Rate of transmission from beets to tomatoes
𝜷!: Rate of transmission from beets to beets
𝑺𝒎: Susceptible tomatoes

𝑺𝒃: Susceptible beets
𝑰𝒎: Infected tomatoes 
𝑰𝒃: Infected beets 

Figure 2: Disease counts from experimental data (black 
stars), outputs from the deterministic model (blue plus 
signs), and mean values of 10,000 paths generated using 
the stochastic simulation algorithm (red circles).

Figure 3: Box-plots of the simulated data for the number 
of infected tomatoes. The experimental data counts 
collected from the tomato planting are shown in pink 
circles.

Figure 4: Standard deviation at 
each week of 10,000 simulations  


