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ABSTRACT

Bayesian network approach has been effectively used in different experimental fields such as ecological
decision making. There is also now growing instance of its usage and effectiveness in pest management. The
fundamental principle to optimizing outcomes of agricultural products for pest management is the consideration
of all chemical methods, physical methods, mechanical methods, transgenic plants, and trap plants. Some of
methods have harmful environmental effects while some others are both environmental friendly and effective.
Among them the use of trap plants can be one of the major approaches for pest control. The Locust is one
of the most destructive pests and has unpredictable damages on agricultural products especially in poor
countries where the volume of product has critical and crucial influence of human life. This research provides
a case study on using Bayesian networks on the effect of a number of trap plants have on locust population,
and considerations to predict and prevent the pests' harmful effects. According to the findings, the probability
methods such as Bayesian networks can contribute effectively on pest management studies particularly trap
plants to enhance decision making procedure in national and international perspective.
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Introduction

During the last fifty years, as a result of huge
increase in the global population, especially in
developing countries, using different types of
pesticides has increased because it has been assumed
that it is the best way for more production of
agricultural products [12]. But during 1980's as a
result of environmental pollution other methods of
pest control was introduced e.g. mechanical methods,
agricultural methods, biological methods, physical
methods and using trap plants. At this time
"Integrated Pest Management" was defined as the
best and safest pest control method. Pest management
can help scientists to find the easiest, best and safest
way to decrease the effects of some organisms which
have destructive effects on both quality and quantity
of agricultural products [3,15].

However, previously the goal was complete
elimination of pests. The aim of guidelines' tools and
methods is only for initiate a decline in the
populations of pests until their effects are not
economically significant. Trap plants are specific
kinds of plants having attractive characteristics like
odour, shape, colour or pheromones that have
inhibitory effects on population of specific insects by
affecting their morphology, physiology or
productivity [9]. By planting these plants between or
along the commercial plants which are valuable
economically, destructive pests will be attracted to
these plants and then they cannot affect commercial
products [2]. Trap plants have become more and
more important to some parts of the world that do
not have enough equipment to fight permanent pests,
and can be effectively used as cheap method to
control of some more dangerous insects like locusts.
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Another advantage of trap plants is that these kinds
of plants can be used as mulch, which adds cover to
the surface of deserts where other methods are not
applicable or are actually too expensive [10].

In this study inhibitory effects of 3 species of
plants (Polygonum aviculare, Tamarisk spp., and
Echinochloa crusgalli) individually and combined
with each other on some morphological and
physiological factors of migratory locust (Locusta
migratoria L.) such as the length of femur, the
number of laid eggs, the percentage of hatched eggs.
For measurement the effectiveness of trap plants on
pest species there are lots of methods that are based
on statistical methods using statistical software
(SPSS, SAS, etc.). These statistical methods only
reflect the imputed data and do not provide
information for an effective long term pest
management program. By Bayesian network and
influence diagram it is possible to predict the effects
of these trap plants on this locust and to make an
efficient control program. Also it is possible to use
this software to assay the effects of some factors
which can help scientists to predict the effects of
some destructive factors and to produce a reliable
predictive management programs.

Pest Management:

Insects are the most important organisms on the
earth because they are constituted around 80 percent
of all living organism. Also they have adapted to all
kinds of environmental stresses during the time and
by this way human could not control insects, that
have lost 30% of food staffs directly or indirectly
[7]. At the beginning, the goal of farmers and
scientists involving agricultural science was
elimination of all harmful species of insects, so most
of methods which have been used were based on
that. The result of this thought was making some of
the most dangerous and harmful insecticides like
DDT, which can accumulate in the body of
organisms in different trophic levels and also remain
in the environment for at least 30 years. During the
last decades of 20th centaury scientists have decided
that they have to change methods of pest controls as
a result of extinctions of some animal species and
poisoning of some other animals [7]. They decided
that for pest control it is better to use one or more
methods that can decrease the number of insects until
the number of them falls down to the tolerance level.
Tolerance level is a threshold that on which the
amount of insect damage is equal to the cost of
control [1]. Pest management includes all methods of
pest control having the least harmful effects on the
environment in this framework the most effective
methods based on some factors like location, type of
crop, pest species and etc. Will selected. By this way
not only farmers can produce more agricultural

products, but also destructive effects of control
methods decreases. For instance during last three
decades several types of pesticides having less side
effects have been produced and when these
compounds are used with other methods of control
like planting trap plants or mechanical methods,
better results obtain. Today as a result of increasing
number of population and decreasing the amount of
farms (because of human activities) and also
contamination of environment the most important
goal is producing higher amounts of food staffs by
the least and insignificant damage to the
environment. Used methods in pest management have
changed dramatically during last three decades. It
began with using strong pesticides and after that
other methods like mechanical methods, physical
methods, using trap plants and pheromones emerged
and now using transgenic plants, which is based on
genetic engineering, is the most common method
[13]. However, all of these methods when used
individually can be good, it is obvious that using
some of them together has synergistic effects and the
amount of losing products as a result of pest will be
the least [13].

Materials and Methods

Bayesian Networks and Influence Diagram:

Bayesian probability is an interpretation concept
that provides an accurate framework to increase the
dependability of decision making systems under
uncertainty [5]. In order to calculate the conditional
probability using Bayesian approach following
formula is used. Given two events E and F while
then:
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Where is the prior distribution of the hypothesis ,
and is the conditional probability of seeing F given
that E is true it is also called, and  is the marginal
probability (Neapolitan 2003). Accordingly,  is a
measure for credibility of  given its prior probability
and observed data set [6]. In case there are several
hypotheses, above formula can be expanded as
bellow:
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Bayesian network approach has been effectively
used in ecological decision making [11].
Nevertheless, there are a few experiences of its usage
in pest management [14,6]. Bayesian network has
been successfully used for reasoning under
uncertainty whereas influence diagram is a
probabilistic network for reasoning about decision
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making under uncertainty (Neapolitan 2003).
Influence diagram is the generalizations of Bayesian
networks that enhance decision making under
uncertainty. An influence diagram is a compact
graphical and mathematical representation of a
decision situation [4].  The case study provided in
this research is focused on using Bayesian approach
and influence diagram in pest management area by
taking locust population management.

Case Study:

This research is trying to represent the
effectiveness of Bayesian network and influence
diagram in pest management. To do so, a case study
of effectiveness of three trap plants on the locust
population is taken and the results are analyzed by
traditional and Bayesian approaches. 

In the initial step, the second-stage nymphs of
Locusta migratoria L. collected from Dizbad plain,
located in the northeast of Iran, was transformed to
insectariums. Then they are divided into different
groups, feeding by each experimental plant
individually or combined with each other. This
experiment was undergone in laboratory condition of
25±2 temperature, 75±5% RH, and 14:10 L: D.
Nymphs were fed until they became adult and in this
step males and females were separated to measure
some factors that are based on sexuality (like the
number of eggs). Adult insects in this experiment
were used to measure these factors and data was
gathered in each step according to Entomological
standards. During this experiment insects were fed
two times a day and two times a week insect
sections were being visited and dead insects and
waste materials that could be harmful, were removed.
In each treatment fresh plant(s) was used due to the
fact that the scope was to have the laboratory
condition as close to the natural condition as
possible.

Results and Discussion

Traditional approach:

In traditional approach, measurement of effective
factors is followed by comparison of data of the
same factor (for instance the length of back femur)
in all treatment. Consequently results of all
treatments will be evaluated; some results may be
removed because they are irrelevant. Also after
comparison of values of each factor in all treatments
they decide about the importance of factors when
they gather together to make decision. For example,
when the length of back femur is less, the jump
distance of locust will be less. Researchers would
like to know what plant(s) makes the lowest length
of back femur. According to table 1 the best value

for this factor is when locust was fed on Tamarisk
spp. It is also interesting for researchers to find out
what plants can cause the lowest weight and number
of eggs. After finding these values researchers
compare the importance of the factors and suggest
that the plantation of Tamarisk spp. might be the
best way to locust control. In this method researchers
can only determine the real effects of treatment and
there is no possibility to make lots of decisions based
on probability. For instance in this study it has been
shown that by planting Tamarisk spp. the number of
this locust can be decreased, but the problem is
wherever this plant is not available or doesn’t grow
what is the best way to deal with locust. In addition
researchers cannot compare the values of factors in
different situations. This problem can be one of the
most important deficiencies of the traditional method
in pest management, because in order to find the
answer of each situation researchers have to set a
new scenario and do several types of experiments
which are expensive and time consuming. Besides,
decision makers can make their decision only based
on such limited data or they have to wait until all
experiments get done and results get published and
unfortunately in many cases the scarcity of time
makes them to decide and act based on the currently
available data.

Bayesian Approach:

In this section the same data are analyzed
through influence diagram. The advantage of this
approach is that Bayesian networks and influence
diagram let the data talk for themselves. Figure 1
illustrates effects of any tows or all three trap on
specific factors. Since weight reduction is influenced
by weight, number of eggs, and length of back
femur, so it is considered as the satisfactory factor in
decision making. Figure 1 is the generated influence
diagram based on this data. According to this figure,
if Echinochloa crusgalli and Polygonum avicular are
being used, the satisfaction will be higher than using
all three plants. Such an outcome may hardly come
out of traditional approach.

Discussion:

Traditional approach VS. Bayesian approach:

Comparing aforementioned approaches points out
the effectiveness of Bayesian network and influence
diagram in pest management area. According to the
provided case study, Bayesian network and influence
diagram take less time on data collection and keep
the focus on the analytical part of study. Besides,
Bayesian network and influence diagram are more
illustrative and make it more precise to decide upon
the given data (Table 2).



150Adv. Environ. Biol., 4(2): 147-151, 2010

Fig. 1: Scenarios of using any tows and all three trap plants

Table 1: Effects of any tows and all three trap plants
Length of back femur Number of eggs Weight (g)

Echinochloa crusgalli 21 40 3.11
Tamarisk spp. 19.4 31 2.98
Polygonum avicular 22.2 48 3.02
Echinochloa crusgalli + Tamarisk spp. 21.6 50 3.01
Tamarisk spp.+ Polygonum avicular 21.4 40 3.015
Echinochloa crusgalli + Polygonum avicular 21.3 43 2.995
Echinochloa crusgalli + Tamarisk spp. + Polygonum avicular 19.1 36.7 2.92

Table 2: Traditional approach VS. Bayesian approach (influence diagram)
Traditional Approach Bayesian Approach (influence diagram)
• Data collecting oriented • Data analysis oriented
• Lots of figures • Illustrative
• Commonly the average of data is considered • Every single data is considered
• A lot of data makes decision making more complicated • The more data the more precise decision

Conclusion:

Effectiveness of Bayesian network and influence
diagram in pest management was investigated in this
research through a case study of using three trap
plants on locust population. According to table 2 it
is obvious that in using the traditional method,
researchers have to present their results only based
on data obtaining from experiments. Traditional
approach is not efficient based the following reasons.
First, in this method researchers use the medium

values that are not actually precise and any
conclusions based on this data will not provide
precise information about the amount of variability
on individual differences in insect's communities.
Second, if researchers make mistakes in importance
determination of factors and major and minor
variables, results of the experiment are not usable in
practice and they have to set another experiment.
Such low efficiency is costly and time consuming.
Third, in many cases the results of traditional
experiments are subject to interpretation by 
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researchers and do not provide conclusions that allow
distinct aims to be implemented and achieved by
decision makers. Finally, as the number of factors
increase (variables and species of living organisms),
so does the complexity and the probability of making
errors, many of which are not evident until the end
of the experiment. Bayesian approach enables pest
managers to make a basic model, with the ability to
add data to the model as more experiments are
undertaken .In addition this approach is usable in all
areas with considerably low limitation and constraint.

References

1. Agnello, A.M., W.H. Reissing, J. Kovach and
J.P. Nyrop, 2003. Integrated apple pest
management in New York State using predatory
mites and selective pesticides. Agriculture,
Ecosystems & Environment, 94(2): 183-195.

2. Bensen, T.A. and S.R. Temple, 2008. Trap
cropping, planting date, and cowpea variety as
potential elements of an integrated pest
management strategy for Lygus Hesperus in
blackeyed cowpea. Crop Protection, 27: 1343-
1353.

3. Bressan, A., 2009. Agronomic practices as
potential sustainable options for the management
of Pentastiridius leporinus (Hemiptera: Cixiidae)
in suger beet crops. Journal of Applied
Entomology, 133: 760-766.

4. Cobb, B.R., 2009. Efficiency of influence
diagram models with continuous decision
variables. Decision Support Systems, 48(1): 257-
266.

5. Ellison, A.M., 1996. An introduction to Bayesian
inference for ecological research and
environmental decision-making.  Ecological
applications, 6(4): 1036-1046.

6. Fabre, F., J.S. Pierre, C.A. Dedryver and M.
Plantegenest, 2006. Barley yellow low dwarf
disease risk assessment based on Bayesian
modelling of aphid population dynamics.
Ecological Modelling, 193: 457-466.

7. Hashemi, S.M. and C.A. Damalas, 2009.
Farmer's competence and training nedds on pest
management practices: participation in extension
workshop. Crop Protection, 28: 934-939.

8. Kjaerulff, U.B. and Madsen A.L., 2008.
Bayesian Networks and Influence Diagrams: A
Guide to Construction and Analysis. Springer,
New York.

9. Lu, Y.H., Y.J. Zhang and K.M. Wu, 2008. Host-
plant selection mechanisms and behavioral
manipulation strategies of phytophagous insects.
Shengtai Xuebao/Acta Ecologica Sinica, 28:
5113-5122.

10. Oliveira, C.M. and J.R.A Fontes, 2008. Weeds
as hosts for new crop pests: the case of
protortonia navesi (Hemiptera: Monophlebidae)
on cassava in Brazil. Weed Research, 48: 197-
200.

11. Rivot, E., E. Prevost, E. Parent and J.L.
Bagliniere, 2004. A Bayesian state-space
modelling framework for  tting a salmon stage-
structured population dynamic model to multiple
time series of  eld data. Ecological Modelling,
179(4): 463-485.

12. Stoddard, F.L., A.H. Nicholas, D. Rubiales, J.
Thomas and A.M. Villegas-Fernandez, 2009.
Integrated Pest Management in faba bean. Field
Crops Research, 115): 308-318.

13. Strand, J.F., 2000. Some agrometeorological
aspects of pest and disease management for the
21st centuary. Agricultural and Forest
Meteorology, 103: 73-82.

14. Tari, F., 1996. A Bayesian network for
predicting yield response of winte rwheat to
fungicide programmes. Computer and Electronics
in Agriculture, 15: 111-121.

15. Ulrichs, C., T. Mucha-Pelzer, C. Buttner, I.
Mewis, E. Scobel and E. Bauer, 2009. New
approaches in the control of insect pests in
tomato. Acta Horticulturae, 821: 189-199.


