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Table 1. Independent variable of process and Wadires for Indian meal motRjodia interpunctella
and Mediterranean flour motAnagasta kuehniella

Independer variable

Mathematical symbol

Code and the relevant

Temperature (° C) X1
Humidity (%) X2
Dosage (microliter) X3

-1 0 +1

25 30 35

60 70 80
1400 1700 2000
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Table 2. Independent variable of process and tiadires for Greater wax motalleria mellonella

Independet variable

Mathematical symbol

Code and the relevant

Temperature (° C) X1
Humidity (%) X2
Dosage (microliter) X3

-1 0 +1

25 30 35

60 70 80
1500 350 2000
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Anagasta kuehniella
Table 3. The pattern of tests for Indian meal mBtbdlia interpunctella and Mediterranean flour
moth, Anagasta kuehniella

Temperature Humidity Dosage Temperature Humidity Dosage
35 80 1700 35 70 2000
25 80 1700 38 75 1400
30 75 2000 30 75 1700
30 75 1195 30 75 1400
25 70 1700 22 75 1700
35 80 1700 30 75 1700
25 70 2000 30 83 1700
30 67 2205 25 80 2000
30 75 1400 30 75 1700
30 75 1700 35 70 1400

Galleriamellonella o8, 5l ge 0y sl a2 le5T plonil (6 ST Sislas —F Ul
Table 4. The pattern of tests for Greater wax n@aheria mellonella

Temperature Humidity Dosage Temperature Humidity sdoe
35 80 1750 35 70 1750
25 80 1500 38 75 1500
30 75 1750 30 75 1335
30 75 1750 30 75 1750
25 70 2000 22 75 2000
35 80 1500 30 75 1750
25 70 2000 30 83 1750
30 67 1750 25 80 2170
30 75 2000 30 75 1750
30 75 1750 35 70 1500

2. Polo-PC
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4. Coefficient of determination
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Table 5. Toxicity of chlorpyrifos on fifth instaatvae ofindian meal mothPPlodia interpunctella,
Mediterranean Flour moti\nagasta kuehniella and Greater wax motlGalleria mellonella

> -
x Lethal concentration (ppm)
Pest Numbers Slope * SE(df) LCuo(90% FL) LCoo(90% FL)
__ Plodia 160  6.2840.83 2 1.58-1.84 1.84-2.45
inter punctella
Anagasta 160 6.6620.87 2 1.31-2.04 2.05-4.83
kuehniella
Galleria
mellondla 160 6.90+0.91 2 1.25-2.19 1.98-6.4

£33 435 dde sl p Gy (ANOVA) Plodia interpunctella gs s s (aib,ls @ e Jsdr 7 doi
Table 6. ANOVA of Indian meal motRlodia interpunctella for Response Surface Quadratic Model

Source Sum of Squares Df  MeanSquare F Value p-value
Model 3364 9 3.74 28.59 0.0001 Significant
A- 1062 1 10.62 81.26 0.0001
temperature
B-humidity 053 1 0.53 4.03 0.0725
C-dosage 1444 1 14.44 110.95 0.0001
AB 013 1 0.13 0.96 0.3512
AC 112 1 1.12 8.61 0.0650
BC 012 1 0.12 0.81 0.3512
A2 364 1 3.64 27.84 0.0004
B2 032 1 0.32 2.45 0.1488
c2 364 1 3.64 27.84 0.0004
Lack of Fit 047 5 0.19 0.095 0.7246 Not significant
Residual 131 10 0.13
Adj R- 0.89
squared

R-squared 0.91
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Table 7. ANOVA of Mediterranean flour mofinagasta kuehniella for Response Surface Quadratic

Model
Source  Sum of Squares Df MeanSquare F Value p-value
Model 2886 9 3.21 18.96 0.0001 Significant
A-temperature 10.62 1 10.62 62.82 0.0001
B-humidity 0.073 1 0.073 0.43 0.5254
C-dosage 1444 1 14.44 85.42 0.0001
AB 013 1 0.13 0.74 0.4101
AC 112 1 1.12 6.65 0.0675
BC 012 1 0.12 0.74 0.4101
A2 125 1 1.25 7.41 0.0215
B2 020 1 0.20 1.19 0.3011
c2 125 1 1.25 7.41 0.0215
Lack of Fit 036 5 0.072 0.27 0.9124 Not significant
Residual 1.69 10 0.17
Adj R-squared 0.88
R-squared 0.92

(}J 4> > Ju\.ﬂ Ls‘jf cw\..:_ (ANOVA)Ga”e”a mlondla df)f )‘j’(’}‘ aﬁ:;’,.ir um.;l._a‘)‘) 4-_1)-‘»5 d)-’-’ c_{lﬁb -A d}b
Table 8. ANOVA for Greater Wax motBalleria mellonella Response Surface Quadratic Model

Source  Sum of Squares Df MeanSquare F Value p-value
Model 31.23 9 3.21 17.26 0.0012 Significant
A-temperature 12.43 1 12.43 53.82 0.0001
B-humidity 0.032 1 0.032 0.54 0.6434
C-dosage 1531 1 15.31 81.63 0.0001
AB 023 1 0.23 0.81 0.4101
AC 113 1 1.13 6.43 0.0653
BC 013 1 0.13 0.55 0.4301
A2 113 1 1.13 7.33 0.0332
B2 020 1 0.20 1.19 0.4040
c2 114 1 1.14 7.33 0.0221
Lack of Fit 0.32 5 0.071 0.26 0.8710 Not significant
Residual 1.69 10 0.16
Adj R-squared 0.89

R-squared 0.92
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Figure 1. The effects of humidity and dosage ontafity of a-Plodia interpunctella, b- Anagasta
kuehniella, c- Galleria mellonell treated with chlorpyrifos
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Abstract

The Indian meal mottRlodia interpunctella H., Mediterranean flour moti\nagasta kuehniella Z.,
and Greater wax mottGalleria mellonella L. are the most important pests of stored prodaots
beehives. Chemical pesticides are commonly usexbnérol them. Inappropriate using of pesticides
caused serious environmental problems and alsamicheffects on human health. Pest damage can be
reduced by the optimum use of these materidie purpose of optimum use is selection of theembrr
pattern and applying appropriate methods for ugeesficides. In this study Response Surface Method
was used in order to determine optimal points thieae maximum mortality with minimum
concentration. The effect of factors such as teatpee (25-35°C), humidity (60-80 %) and the
concentration (1400-2000 uL) was evaluated on theatity of fifth instar larvae of three pests. The
experiments were performed according to Central @&mite Design. Temperature and dosage had
significant effect on mortality of fifth instar haae of three Pest. The Optimum conditions in mimmu
dosage to obtain the maximum mortalities were ddtexd 7.9 fifth instar larvae of Indian meal moth
are: 35 ° C, humidity 80% and 1400 microliter oflcchyrifos in the 1000 ml of water and for
Mediterranean flour moth 7.1 fifth instar larvae:a85 ° C, humidity 75% and 1400 microliter in the
1000 ml of water and for Greater Wax Moth are7i® finstar larvae are: 35 ° C, humidity 80% and
1500 microliter in the 1000 ml of water. Result®wHeaner and significant effect of concentrations
and term on lethal fifth instar larvae of threetpes

Key words: Stored pests, Response Surface Method, Chlorgy@ptimization
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