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2- Multi-Layer Perceptron

3- Radial Basis Function

4- Artificial Neural Network-Based Fuzzy Inference
System
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1- Training Data
2- Validation Data
3- Testing Data
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1- Single-Point Crossover
2- Roulette Wheel
3- Mutation
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Figure 1- Population fluctuations of Agonoscena pistaciae adult on Akbari variety of pistachio, 2015-2016
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Figure 2- Population fluctuations of Agonoscena pistaciae nymph on Akbari variety of pistachio, 2015-2016
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Table 1- Mean comparison of common pistachio psylla (adult and nymph) and natural enemies between 2015 and 2016

Mean=SE (2015)

Mean=SE (2016)

Lower CL-Upper CL  Lower CL-Upper CL T P-value
o3 26.62+1.99 91.38+10.37 ]
(Nymph) 22.29-30.93 70.63-112.18 6.13 <0.0001
Jol 0yt 42.65+6.67 56.99+7.15 174 o
(Adult) 28.19-57.10 42.69-71.29
b e 4.54+0.89 1.67+0.61
2.7-6.39 -0.57-3.7 148 0.4

(Natural enemies)

P>0.05 &)g0 )3 (5)b sine pas s P<0.05 &y j3 (sl e
Significantly differentns if P<0.05 and not significantly differentns if P>0.05
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Table 2- Mean comparison of Temperature, relative humidity and rainfall between 2015 and 2016

Mean + SE (2015) Mean * SE (2016) T P-value

o> (:SSkeo 26.10+0.55

(Average temperature)

o Cagby 1Sl 22.48+1.88

(Average relative humidity)

Sk oS 0.067-£0.04

(Average rainfall)

25.44+0.96 0.6 0.55
28.55+3.32 -1.59 0.11
0.21+0.11 -1/16 0.25

P>0.05 wjgo )3 (5)bime pas 5 P<O.05 &jouo )3 (5 b sine
Significantly differentns if P<0.05 and not significantly differentns if P>0.05
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Figure 3- Population fluctuations of natural enemies at 2015
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Table 3- The R? and RMSE from multi linear regression
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4803 022 (Aversae reinfall 032 3179
0.26 S 0.08
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Figure 5- Performance validation in prediction of the nymph common pistachio psylla population density
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Figure 6- Performance validation in prediction of the adult common pistachio psylla population density
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Table 4- The R? and RMSE values for estimation of A.Pistciae population
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(Adult) (ANN-GA) .55 o Training 0.77 0.082
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Introduction: The common pistachio psylla, Agonoscena pistaciae (Hemiptera: Aphalaridae), is a key pest
of pistachio trees. Nymphs and adults suck sap from leaves resulting in defoliating, falling flower buds, stopping
tree growth and finally yield loss. The population dynamics of insects is influenced by several physical and
biological factors such as temperature and natural enemies. Identifying the key factor in population dynamics is
difficult due to the potential interactions between biological and environmental factors. Non-linear analysis
methods such as artificial neural networks (ANNS) are suited to be applied in the ecosystem with non-linear and
complex ecological data. These methods have been widely used as a robust information-processing instrument in
many research fields, especially in predicting pest occurrence. For example, a neural model is used to predict
bionomic variables related to the nutritional dynamics of blowflies.

In the present investigation, the seasonal abundance of A. pistaciae in a pistachio orchard was evaluated for
two years. This study aimed to assess the performance of ANN in representing nonlinear dynamic data for
common pistachio psyllid populations. To this end, back propagation ANN was implemented to evaluate the
relationship between the pest occurrence and influential factors.

Materials and Methods: The population density of psyllids was monitored weekly by the yellow sticky trap

for the adult and direct counting for the nymph. After collecting the related data, the curves of the seasonal

dynamic population of adults and nymphs were drawn. Then, the number of generations and duration activity of
psyllid in each generation were determined. Multi-layer perceptron neural network (MLP), genetic algorithm

(GA) and multi-linear regression (MLR) were used to determine the relative significance of biotic (nhatural
enemies) and abiotic (weather variables) factors for predicting A. pistaciae density. An ANN model was

designed by using the inputs (average temperature, average rainfall, average relative humidity, wind speed and
direction, and population of natural enemies), hidden layer (the number of neurons in the hidden layers
determined by trial and error), and one neuron in the output layer (the occurrence amount for predicting the
population). The Levenberg—Marquardt algorithm was used as the learning algorithm. The root mean square
error (RMSE) and coefficient of determination (R?) were statistics, calculated for both the training and testing set
for each iteration.

Results and Discussion: The population fluctuations of A. pistaciae on Akbari pistachio cultivar during
2015 and 2016 indicated that the psyllid populations in the field had five apparent peaks from late March to
October. Agonoscena pistaciae in Rafsanjan county had six complete and one incomplete generation in 2007 and
2008 (9). The general population trends were similar over time within two years, but population densities of
adults and nymphs were higher in 2016. Statistical comparison of weather variables between two years showed
no significant difference.

Several topologies were examined and the best result was obtained with 15 and 9 neurons in the first and
second hidden layer for both adult and nymph in MLP method, respectively. In genetic algorithm, a hidden layer
with 14 neurons for adult and 16 neurons for nymph was employed. The R? values of MLR, MLP and GA
methods (at test phase) were 0.32, 0.61, 0.73, respectively and the RMSE values were 31.79, 0.223 and 0.083,
respectively for adult. In the prediction of the population density of the nymph by MLR, MLP and GA, the R?
values were obtained to be 0.22, 0.84, 0.88, respectively, and the RMSE values were 48.03, 0.051 and 0.051,
respectively.

Conclusion: The R? and RMSE values showed reliable performance of ANN and GA. The ANNs also
modeled the numbers of the psyllid with high accuracy. In addition, the higher R? and lower RMSE were
obtained for MLP and GA methods relative to MLR. It has been reported in the related literature that the ANN
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consistently outperformed the statistical models. The ANN as a nonlinear predictor exhibited a high accuracy in
predicting the richness of aquatic insect species in running waters by a set of four environmental variables (21).
Based on the principal components analysis and back propagation artificial neural methods to analyze historical
data on the population occurrence of Scirpophaga incertulas, the new model could improve the prediction
accuracy, compared with other methods (27). It is worth noting that in regression models, the weak correlation
between dependent and independent variables does always not imply that these variables are not associated, as
they may have a nonlinear correlation.

Keywords: Common pistachio psylla, Genetic algorithm, Multi-layer perceptron neural network, Population
dynamic, Weather variables



