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Abstract 
 Tobacco blue mold is a serious tobacco disease, which has high risk of invasion in many areas, 
therefore, it is of particular importance to strengthen the quarantine work and to make a good prediction. 
Since each species has its own particular relatively stable ecological niche, one can predict the potential 
geographical distribution of tobacco blue mold in target areas like China. Based on the known distribution 
data of tobacco blue mold, 20 environmental factors were selected and combined support vector machine 
(SVM) with ecological niche model was used to predict the potential spatial distribution of tobacco blue mold 
and to obtain the optimal combination of SVM parameters through the brute force search algorithm. Search 
algorithm overcame the shortage of empirical method and improved the accuracy of prediction. The method 
was proved to be effective and feasible by cross validation which provided a robust theoretical basis for 
preventing the intrusion and spread of tobacco blue mold.  
 

Introduction 
 Tobacco blue mold an oomycete plant pathogen causes yearly epidemics in tobacco in the 
United States and Europe (Blanco-Meneses et al. 2018). It is a rapidly spreading, devastating 
disease on tobacco, severely reducing the yield and quality of tobacco leaves and is a major 
disease. Blue mold, first discovered in Australian cultivated tobacco in 1891, had spread to 65 
countries and regions other than China in the past 100 years and continued to harm tobacco leaves 
in America, Australia, Europe, the Middle East and North Africa. The loss caused by this disease 
has been extremely serious. For example, the tobacco blue mold epidemic in Cuba in 1980 wiped 
out 90 per cent of the cigar production, forcing the government to shut down temporarily the 
National Cigar Factories (Shi et al. 1996). China is a big tobacco producing country with the 
highest yield in the world. The cultivation covers all the climatic ecological regions in northern 
and southern China. Because tobacco blue mold has high adaptability and strong spreading ability 
in different ecological regions around the world, it poses a great threat to tobacco production in 
China (Zhang 1995). As a consequence, it is very important to strengthen the quarantine work and 
to make a good prediction of alien species. Since each species has its own particular niche, which 
is usually relatively stable, it is the prerequisite for ecological niche model to be able to predict the 
potential geographic distribution of species (Wiens et al. 2005). Therefore, depending on the 
specific habitat of each species, based on the known distribution areas of the target species, the 
niche demand of the target species can be induced or simulated by mathematical model, and then 
the suitable distribution of the target species can be obtained by projecting the niche demand to the 
target areas. 
 The prediction of the suitable areas of tobacco blue mold by ecological niche model is helpful 
for early warning and provides robust technical support for decision makers to draw up scientific 
management measures. The commonly used ecological niche models are, CLIMEX (Byeon et al. 
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2020, Stoeckli et al. 2020), BIOCLIM (Sindel and Michael 1992, Booth 2018), MaxEnt (Phillips 
et al. 2006, Wan et al. 2020, Saha et al. 2021), ANN (Gevrey et al. 2006, Oliveira et al. 2021), 
GARP (Stockwell et al. 1999, Ray et al. 2018) and SVM (Sadeghia et al. 2012, Baral and Haq 
2020, Makmuang et al. 2020, Avolio and Fuduli  2021). 
 Support vector machines (SVM) proposed by Vapnik (Vapnik 1995) provides a new way to 
solve the problem of nonlinear modeling. SVM is an efficient method of machine learning with 
strict theoretical foundation. It has become a hot technology in the fields of computer learning, 
pattern recognition, computation intelligence, prediction and so on, which has been widely 
concerned at home and abroad. 
 

Materials and Methods 
 The principle of SVM is to project points in low dimensional spaces to high dimensional 
spaces, making them linearly separable and then the principle of linear partition is used to judge 
the classification boundary. The training sample set is (xi,yi), among which, xi∈Rn, yi∈R. The 
general form of linear discriminant function in n-dimension space is g(x) = (w·x)+b, and all data in 
the set can be divided correctly by the classifying plane (w·x) + b = 0. The classifying plane is the 
optimal hyperplane and the nearest heterogeneous vector to the optimal hyperplane is the support 
vector. 
 The quadratic optimization problem for optimal classification is as follows (Vapnik 1995). 

min  ‖ݓ‖ଶ + ߬ܥ
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   (1) 

 The constraint is: yi(w·xi – b) ≥ 1 – τi.  
 In Formula (1), C is called penalty coefficient, which has great influence on the result and is 
an important parameter. τi is the relaxation parameter; w=∑ ݔݕߙ
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 The constraints are: 1≤ai≤C, ∑ ܽݕ = 0
ୀଵ . 

 In Formula (2), K(xi,xj) = φ(xi) φ(xj), which is the kernel function. The key of SVM is the 
kernel function. It is difficult to divide low dimensional space vector sets. The solution is to 
project them to high dimensional spaces. But the difficulty of this approach is the increase in 
computational complexity, and the kernel function neatly solves this problem. That is to say, so 
long as the appropriate kernel function is chosen, the classification function of high-dimensional 
spaces can be obtained. The radial basis function is dominated by 

K(xi, xj) = exp(-γ ||xi - xj||2)    (3) 
 In Formula (3), if the parameter γ = 1/(2σ2) is too large or too small, the performances of 
SVM will be reduced. So choosing the appropriate value requires a trade-off. 
The final decision function is expressed by 

f(x, a) = sign  ݔ൫ܭܽݕ +൯ݔ, ܾ
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 According to the regression theory of SVM, the penalty coefficient C and the γ value of radial 
basis function have great influence on the result, so it is necessary to select the appropriate C and γ 
to obtain the superior performance of SVM. The traditional empirical method is by trial and error, 
so it is subjective. In this paper, the exact C and γ can be obtained by the brute force search 
algorithm. 
 Because each species has its own particular relatively stable niche, one can predict the 
potential geographic distribution of tobacco blue mold in China. In the present study based on 
ecological niche of the known distribution sites of tobacco blue mold were selected. There are 56 
known distribution sites of tobacco blue mold (Fig. 1). The ecological niche is closely related with 
the environmental factors. The environmental data are mainly composed of three factors, i.e., 
precipitation, temperature and topography. Twenty variables, which specifically include 19 
bioclimatic variables from the WorldClim and a global Digital Elevation Model (DEM) were 
selected. The 19 bioclimatic variables include annual mean temperature, monthly mean 
temperature difference between day and night, ratio of diurnal temperature difference to annual 
temperature difference, temperature variation variance, maximum temperature of the warmest 
month, minimum temperature of the coldest month, range of annual temperature variation, mean 
temperature of the wettest season, mean temperature of the driest temperature, mean temperature 
of the hottest season, mean temperature of the coldest season, annual mean humidity, humidity of 
the wettest month, humidity of the driest month, variance of humidity, humidity of the wettest 
season, humidity of the driest season, mean humidity of the warmest season and mean humidity of 
the coldest season. The spatial resolution of the environmental data set is 2.5 min.  
 

 
Fig. 1. Global geographic distribution of tobacco blue mold. 

 

 Methods of predicting tobacco blue mold’s suitable areas in China based on SVM are given 
below: Before training, the original data are normalized within [0, 1), the aim was to transform 
data of different dimensions and orders of different magnitudes into comparable data of non-
dimensions and orders of same magnitude that can be used to perform mathematical operations on 
each other. The commonly used methods include linear function, logarithmic function and so on. 
In the present study, the linear function is used, namely:  
 y(k)=(x(k) - min(x(n)))/(max(x(n)) - min(x(n))), k=1,2,..., N.    (5) 
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 In Formula (5), the minimum and the maximum are represented by the 'min' and 'max', 
respectively. 
 The SVM parameters to be optimized are C and γ. According to the regression theory of 
SVM, the penalty coefficient C and γ value of radial basis function have great influence on the 
result. Therefore, to obtain the superior performance of SVM, it is necessary to select appropriate 
C and γ. The traditional trial and error method is subjective. In the present study, the training 
samples are used to train various types of SVM classifiers. In the training, the brute force search 
algorithm was used to determine the C and γ parameters of SVM; and then the test samples were 
used to verify the trained classifiers. According to the classification accuracy and the computation 
time, the suitable model was selected. Finally, the SVM classifier was used to classify the whole 
test area. 
 The ecological niche model was used to train and verify the training set to produce a model 
suitable for the classification problem, which was then stored in the model file. The model file 
mainly recorded the weight of each environment factor in the model. 
 By means of the secondary development technology of GIS, for any grid point Pi in the target 
areas, every environmental factor vi was obtained corresponding to the point Pi. The value of 
environmental factors was summed according to the weighted method: V = ∑ ݒݓ

ୀଵ , and the 
value V was obtained. The possibility of invasive species was judged by comparing with the 
threshold value and the existence and non-existence were represented by 1 and 0, respectively. 
 For generation of the spatial distribution map of environmental factors, prediction was made 
by traversing all grid points (evenly spacing grids) in the whole target areas. The environmental 
factor Ef′ was used to replace the elevation value of each grid point in DEM and then the potential 
spatial distribution map of invasive species in China was obtained by GIS technology. 
 For performing cross validation, Leave-One-Out cross validation (LOO-CV) method was 
used. Suppose N samples, each of which serves as an independent validation set and the remaining 
N-1 samples as the training set, the last one as test set, so N models are obtained by LOO-CV 
method. The training set and the test set are independent. The average classification accuracy of 
the final validation set of these N models was used as the performance criteria of the LOO-CV 
classifier. 
 

Results and Discussion 
 Based on the above method, the potential geographical distribution of tobacco blue mold was 
China was obtained, as shown in Fig. 2. 
 Results showed that the potential geographic distribution of tobacco blue mold is mainly in 
the entire south, east and middle China most of southwest China except Tibet, north China and 
Taiwan, and a few areas in northwest and northeast China except Shanxi province. The South 
China Sea was not included for the lack of data. As can be seen from Fig. 2, tobacco blue mold is 
a potential threat to most tobacco producing areas in China. It is important to take effective 
quarantine and control measures to prevent the invasion and spread of tobacco blue mold. 
 The appropriate values for C and γ play an important role on preventing SVM from 
deterioration in the generalization performance (Sadeghia et al. 2012). In the present experiment, 
empirical method was adopted to predict the fitness of known sample points with C = 0.02 and γ = 
0.01, respectively. SVM was used to predict the suitable areas of known sample points. Results 
showed that three out of the 56 sample points (True) were False with 94.6% accuracy. The 
parameters of SVM were then optimized and a group of optimal combination was selected by the 
brute force search algorithm from 2500 combinations of C and γ, which was: C = 0.019, γ = 0.002. 
Only one of the 56 sample points (True) had a false prediction value and the accuracy was 98.2%. 
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Fig. 2. Potential distribution areas of tobacco blue mold in China. 

 
 The LOO-CV classifier is used for cross validation. Results showed that the prediction 
accuracy of empirical method was 83.9% and the prediction accuracy of SVM parameters 
optimized by the brute force search algorithm was 91.1%. In the LOO-CV cross validation, each 
training sample does not participate in the prediction, so the evaluation results are reliable; in 
addition, there was no random factor in the experimental process that would affect the 
experimental data, ensuring that the experimental process can be replicated. However, because the 
number of models needed to be built was the same as the number of the original data samples, the 
calculation cost of this method will be higher when the number of original data samples was quite 
large. For the number of samples studied was small. So this method is effective. 
 The present study showed that the global geographical distribution of tobacco blue mold has 
not yet reached its maximum potential geographical distribution, so tobacco blue mold has a high 
risk of invasion in many areas in China. Once tobacco blue mold enters into these areas, it would 
be a huge loss to the local tobacco industries. As a consequence, it is very necessary to strengthen 
the quarantine of tobacco blue mold. 
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