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Table 1. Statistical performance of ANFIS for various types and numbers of membership function
for estimation of Eurygaster integriceps population

Type of model ANFIS
Number of input 4
Number of membership function 3

Type of membership function for input variable Gaussmf
Type of membership function for output variable linear
Optimization method Hybrid
repeat 100

b (a.kfwiﬁww.od LgleNHSJ.,LA R TR S T e AP RE™
Table 2. Output of the best ANFIS model for estimation of Eurygaster integriceps population

RMSE SSE R? p
Training 0.0561 0.367 0.950 5.61 X107
Testing 0.0724 0.257 0.910 2.74 X10%
Total 0.0614 0.624 0.938 1.8 X101

Lo pdS o Comer e (51 08 e FIS gl sl ol 2 il Sl ) S
Table 1. The structure of the ANFIS based on the initial FIS structure for estimation of Eurygaster
integriceps popul ation
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Figure 2. Relationship between the predicted and observed data of Eurygaster integriceps population
by the ANFIS model at the training and testing stage
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Table 3. Quadratic equations obtained by response surface methodology (RSM) for estimation of
Eurygaster integriceps population

Coefficient Variable Coefficient Variable Coefficient Variable
+23.86 +513.98 *Relative *Humidity? -63.63 *Relative Humidity
*Day Number *Wind Speed?*Day
Number
-175.86 *Temp-Ave +0.40 *Relative *Humidity +230.11 *Relative Humidity
*Wind Speed? *Wind Speed?*Day
Number
-120.19 *Relative Humidity -53.25 *Relative *Humidity +101.46 *Wind Speed?*Day
*Day Number? Number?
+7.56 *Wind Speed +1.68 *Wind Speed?*Day +432.52 *Temp-Ave * Wind Speed
Number *Day Number
+116.01 *Day Number -242.10 *Wind Speed *Day +76.68 *Relative Humidity?
Number? *Wind Speed?
+651.45 *Temp-Ave * -286.31 *Temp-Ave’ -20.27 *Relative Humidity?
Relative Humidity *Wind Speed *Day
Number
+57.51 *Temp-Ave* Wind -212.02 *Relative Humidity? 79.68 *Relative Humidity?*Day
Speed Number?
-347.15 *Temp-Ave * Day +22.85 *Wind Speed® -63.63 *Relative Humidity
Number *Wind Speed?*Day
Number
-18.65 *Relative +8.84 *Day Number® +230.11 *Relative Humidity
Humidity* Wind *Wind Speed *Day
Speed Number?
-442.67 *Relative Humidity -619.02 *Temp-Ave *Relative +101.46 *Wind Speed?*Day
* Day Number Humidity *Wind Speed Number?
*Day Number
-70.89 *Wind Speed * Day +301.77 *Temp-Ave? * Relative +346.08 *Temp-Ave® *Relative
Number Humidity? Humidity*
+332.69 *Temp-Ave? +416.61 *Temp-Ave? *Relative +227.21 *Temp-Ave® *Wind Speed
Humidity *Wind Speed
+229.01 *Relative Humidity? -510.58 *Temp-Ave? *Relative -118.14 *Temp-Ave®*Day
Humidity *Day Number Number
-31.05 *Wind Speed? +349.25 *Temp-Ave *Relative
Humidity3
+104.95 *Day Number? +62.59 *Temp-Ave? *Wind -44.80 *Temp-Ave *Wind Speed®
Speed?
-213.50 *Temp-Ave * -582.23 *Temp-Ave? *Wind +96.25 *Temp-Ave *Day
Relative Humidity* Speed *Day Number Number3
Wind Speed
+654.13 *Temp-Ave +18.01 *Temp-Ave? *Day -78.45 *Relative Humidity®
*Relative Humidity Number? *Wind Speed
*Day Number
+556.99 *Temp-Ave * Wind +4.01 *Temp-Ave *Relative -222.40 *Relative Humidity®*Day
Speed *Day Humidity? *Wind Speed Number
Number
+175.52 * Relative Humidity -161.89 *Temp-Ave *Relative -87.36 *Relative Humidity *Wind
*Wind Speed *Day Humidity *Wind Speed? Speed?®
Number
-729.11 *Temp-Ave? * +62.32 *Temp-Ave *Relative -33.84 *Relative Humidity *Day
Relative Humidity Humidity?*Day Number3
Number
-288.54 *Temp-Ave? *Wind +237.20 *Temp-Ave *Relative +11.94 *Wind Speed® *Day
Speed Humidity *Day Number
Number?
+457.51 *Temp-Ave? *Day -186.41 *Temp-Ave? *Wind -95.71 *Wind Speed *Day
Number Speed *Day Number Number®
-733.02 *Temp-Ave +432.52 *Temp-Ave *Wind +73.35 *Temp-Ave*
*Relative Humidity? Speed *Day Number?
+59.28 *Temp-Ave *Wind +76.68 *Relative Humidity? +77.47 *Relative Humidity*
Speed? *Wind Speed?
-275.70 *Temp-Ave *Day -20.27 *Relative Humidity? +31.12 *Wind Speed*
Number? *Wind Speed *Day
Number
+81.03 *Relative Humidity? -79.68 *Relative Humidity? -28.78 *Day Number*
*Wind Speed *Day Number?
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Table 4. Output of the best RSM model for estimation of Eurygaster integriceps population

RMSE SSE R2 PvaJue
Training 0.0854 0.310 0.895 2.7 X10%
Testing 0.0794 0.852 0.880 2.64 x10°%
Tota 0.0836 0.161 0.886 2.24 X107
Train 1 - Test
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Figure 3. Relationship between the predicted and observed data of mother Eurygaster integriceps
population by the RSM at the training and testing stage
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Table 5. Regression relationship between Eurygaster integriceps population and environmental

variables

Input Standardized coefficients Sig.
Average temperature 0.50 0.022
Average relative humidity -0.23 0.037
Wind speed -0.26 0.004
Number of day sampled 0.59 0.04
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Abstract

The Sunn pest, Eurygaster integriceps Put. is one of the main pests of wheat and one of the
most important plant protection problems in Iran. Multiple linear regression models have been
used to predict the fluctuation of various pest populations by using environmental variables. Using
intelligent systems to better estimate insect population fluctuations can lead to better results.
Therefore, the current study was conducted to predict population fluctuation of the Sunn pest by
using a neuro adaptive fuzzy inference system, a response surface method and multiple linear
regression. This study was done during in 2015 and 2016 on two wheat farms each one with an
area of one hectare in the Chadegan county. In these models, average temperature, average relative
humidity, rainfall, wind speed and direction, sampling date, degree- day and atitude from sealevel
were used as response variables. The collected data randomly divided in two categories of training
(70%) and testing (30%) and they used for train and test of ANFIS and response surface
methodology. The accuracy of the prediction was evaluated by R? and RMSE. The higher
performance of the ANFIS model (R?= 0.93, RMSE= 0.0614) and RSM (R? = 0.88, RMSE=
0.0836) resulted comparing to the multiple linear regression (R? = 0.23, RMSE= 0.34). Also the
results of senditivity analysis indicated that the average of temperature, relative humidity, wind
speed and date of sampling were the most important parameters for predicting density of adult
Sunn pest.

Key words: Predictable models, Eurygaster integriceps, Anfis, Environmental factors, Chadegan.
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