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ABSTRACT

The isobologram equation combination index (Cl), was used to evaluate the
efficacy of Indoxacarb (I) and Pyridalyl (Py) in binary mixtures with recommended
insecticides i.e. the insect development inhibitors (IDI’s); lufenuron (L) and
methoxyfenozide(M) and the conventional insecticides; chlorpyrifos (Ch), profenofos (Pr)
and lambda- cyhalothrin (Cy) which against the 2™ instar larvae of Spodoptera littoralis
(Boisd.). The latent effects of these binary mixtures were also studied to evaluate their
impact on the larval and pupal durations, pupation, fecundity also, the percentage of
emergence, hatchability% and sterility % of S. littoralis were calculated. Based on LCso
values of each individual insecticide, indoxacarb was the superior compound, while
lambda- cyhalothrin was the inferior one against 2" instar larvae of S. littoralis.

All tested binary mixtures were obviously had significant impact on all tested
biological parameters. The detoxification enzymes; o- esterases, Glutathione-S-
Transferase, Acetylcholine esterase, Acid Phosphatase and Alkaline Phosphatase were
determined to explore their role on the mixture effects. The role of the oxidative stress in
raising or reducing the effectiveness of pesticide mixtures; represented in total antioxidant
capacity, Hydrogen peroxide and Lactate Dehydrogenase were also assessed. The mixtures
that showed potentiation were investigated against a resistant strain of S. littoralis.

According to CI values, the toxicity of indoxacarb (I) decreased when mixed at
LCys value with lufenuron, methoxyfenozide, profenofos and lambda- cyhalothrin after 72h
of observation time. The CI values were on the descending order of 16.2, 4.25, 1.99 and
1.84, respectively. On the contrary, the toxicity of indoxacarb increased when mixed with
chlorpyrifos after 72h. After 72 hours of the treatment of indoxacarb mixtures, o — esterases
total units increased significantly compared to control.

Referring to the CI values, the mixtures of pyridalyl (Py)/ M, Py/Pr and Py/L
showed potentiation effect after 72 hrs, the Cls values were 0.36, 0.46 and 0.57, respect.
However, the Py/Ch mixture showed antagonism effect after 72 hrs as the Cl value was
3.14 Py/ Cy showed nearly an additive effect as the Cl was 0.98 after 72 h. The treatment
of pyridalyl binary mixtures, after 72 hours, increased significantly a — esterases total units
to 44.01 pmoles/ ml/ min by the treatment of Py/ Ch mixture, but it increased insignificantly
to 23.47 in Py/ Cy mixture. Contrariwise, o. — esterases decreased to 0.22 and 1.71 p moles/
ml/ min in Py/M, and Py/L mixtures, respectively.

The resistance strain indicated that mixtures of 1/Ch, M/Ch, Py/M, L/Ch and Py/L
could be effectively used as a component of integrated pest management programs (IPM)
of S. littoralis. Depending on the Cl values and the delayed toxic effects of the tested binary
mixtures against S. littoralis, this study suggesting the using of the successful binary
mixtures as a tool in IPM programs to overcome the possibility of resistance development
in S. littoralis because of the intensive and repeated use of these compounds in Egypt.
Key words: Combination index, Indoxacarb, pyridalyl, binary mixtures, Spodoptera

littoralis (Boisd.), Total Antioxidant Capacity.




ACNOWLEDGMENT

Firstly, unlimited thanks to Allah who provided me with the
ability to accomplish this work,

I would like to express my deep gratitude and thanks to Dr.
Kamal Sayed Ahmed Othman, Professor of Pesticides, Department
of Economic Entomology and Pesticides, Faculty of Agriculture,
Cairo University, my advisor, for his critical evaluation of my
work, correction of the manuscript and for the time he freely gave
throughout this work,

The author also wishes to express deep thanks and
appreciation to Dr. Eman Saed Swelam, Professor of Pesticides,
Department of Economic Entomology and Pesticides, Faculty of
Agriculture, Cairo University for her continues encouragement,
concern and Rindness and for valuable suggestions.

I wish to thank Dr. Mohammad Abd-Elhady Kandil,
Professor of Pesticides, Department of Economic Entomology and
Pesticides, Faculty of Agriculture, Cairo University for his
encouragement to be professional and do the right thing even when
the road got tough, his advice to read more to be professional and
for his continues encouragement.

To my father, my mother words couldn't pay you back any of
your great support, encouragement, help and care.

To my sons; Omar and Hassan being in my heart is the first
motivation to complete any achievement in my [ife.



CONTENTS

INTRODUCTION. ...,
REVIEW OF LITERATURE...............oe,
MATERIALS AND METHODS ...,
1. INSECtIested . ..o,
2. Insecticidestested...................oooooiiiii
3. Determination of the susceptibility of the 2"¥instar larvae
to the tested insecticides...............c..oocoeiiiiiiiii

4. Determination of the biological parameters after the
treatments of the tested insecticides and their binary
MIXTUTES. ...,

5. Insecticide tested mixXtures....................ccccooeeoiiiiee .

a.Compatibility tests of mixtures..........................coocoo

b.Mixing protocol....................oocciiii

c.Combination index calculation.................cccooviiiiiiii .

6. Biochemical assay measurements.........................coeooee,
a. Sample preparation................ ...
b. Determinations of Detoxification enzymes....................

c. Determinations of Oxidative Stress.............................
7.Statistical analysis ...
RESULTS AND DISCUSSION..............ooooee,

1. The susceptibility of 2nd instar larvae of S. littoralis to

the tested INSectiCides ................oocooviiiiiii
a. Toxicity of the tested insecticides .................................

b. The effect of sub-lethal concentration (LCzs value) of
the tested insecticides on the biotic potential and some

biological aspects of 2" instar larvae of S. littoralis .....
c. The biochemical impacts of the LC2s value of each
alone insecticide....................oocooiiiii e,
(1) The impact of the LC»s value of each insecticide on
the detoxification enzymes system.............................
(2) The impact of the ICzs value of each insecticide on
the oxidative stress biomarkers..................................
2. The susceptibility of 2" instar larvae of S. littoralis to
indoxacarb binary mixtures........................coooci

a. Toxicity of indoxacarb binary mixtures.......................

41
43
43
43
44
45
45
46
58
66
67



CONTENTS (continued)

b. The impact of indoxacarb binary mixtures on the biotic
potential and some biological aspects of the 2" instar
larvae of S. littoralis.................c.coocoooiiiiiii

c. The Biochemical Impacts of Indoxacarb Mixtures........

3. The susceptibility of 2" instar larvae of S. littoralis to
pyridalyl binary mixtures. ...

a. Toxicity of pyridalyl binary mixtures...........................

b. The impact of pyridalyl binary mixtures on the biotic
potential and some biological aspects of the 2" instar
larvae of S. littoralis..........................coooi

c. The Biochemical Impacts of pyridalyl Mixtures............

4. The susceptibility of 2" instar larvae of S. littoralis to
conventional insecticides binary mixtures ........................

a. Toxicity of conventional insecticides mixtures ............

b. The impact of conventional insecticides binary
mixtures on the biotic potential and some biological
aspects of the 2" instar larvae of S. littoralis............

c. The Biochemical Impacts of Conventional Insecticides
MIXEUIES. ...

5. Efficacy of potentiation mixture on methoxyfenozide

resistance Strain.....................cccoooiiiiii e,
ENGLISH SUMMARY ...
REFERENCES.................. e,
ARABIC SUMMARY

104
108

108
126
129
130
153
153

156



No.

LIST OF TABLES

Title

The tested binary mixtures and their abbreviation..................................

Susceptibility of 2" instar larvae of cotton leafworm, Spodoptera
littoralis (Boisd.) to Indoxacarb, Pyridalyl, Lufenuron, Methoxyfenozide,
Chlorpyrifos, Profenofos and Lambada-Cyhalothrin after 72hrs. post
TrEAtMENT. L. e

The effect of Indoxacarb, Pyridalyl, Lufenuron, Methoxyfenozide,
Chlorpyrifos, Profenofos and Lambada-Cyhalothrin (at LC2s Conc.) on
some biological aspects of S. littoralis by feeding newly 2" instar larvae
on treated castor oil leaves for 24 hrs. under laboratory
CONAITIONS. ...
Mean total protein, o — esterases total units and GST specific activity of
the LCos Conc. of Indoxacarb, Pyridalyl, Lufenuron, Methoxyfenozide,
Chlorpyrifos, Profenofos and Lambada-Cyhalothrin after 72hrs and
before PUPALION. ....... ...
Mean AchE specific, Acid phosphatase activity and Alkaline phosphatase
activity of the LCys Conc. of Indoxacarb, Pyridalyl, Lufenuron,
Methoxyfenozide, Chlorpyrifos, Profenofos and Lambada-Cyhalothrin
after 72hrs and before pupation..........................

Mean H,O activity, Total anti-oxidant capacity (TAC) and Lactate
dehydrogenase (LDH) activity of the LCz Conc. of Indoxacarb,
Pyridalyl, Lufenuron, Methoxyfenozide, Chlorpyrifos, Profenofos and
Lambada-Cyhalothrin after 72hrs and before pupation...........................
The effect of Indoxacarb (I) on its binary combinations with Lufenuron
(L), Methoxyfenozide (M), Chlorpyrifos (Ch), Profenofos (Pr) and
Lambada-Cyhalothrin (Cy), by using of the LCzs values to calculate the
Combination index (Cl) values against the of 2" instar larvae of S.
littoralis after 72hrs post treatment and before pupation........................
The effect of Indoxacarb (1) mixed with lufenuron (L), Methoxyfenozide
(M), chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy);
using the LCso value of the mixtures after 72 h, on certain biological
aspects of S. littoralis by feeding newly 2" instar larvae on treated castor
oil leaves for 24 hrs under laboratory conditions....................................
Mean Total protein, o — esterases total units and GST specific activity of
Indoxacarb (I) mixed with Lufenuron (L), Methoxyfenozide (M),
chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy); using
the LCos: LCos values after 72hrs and before pupation...........................

68

72

79

80

81

102

106



10.

11.

12.

13.

14.

15.

16.

17.

18.

Mean AchE specific, Acid phosphatase activity and Alkaline phosphatase
activity of Indoxacarb (I) mixed with lufenuron (L), Methoxyfenozide
(M), chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy);
using the LCas: LCos values after 72hrs and before pupation...................
Mean H2O: activity, Total anti-oxidant capacity (TAC) and Lactate
dehydrogenase (LDH) activity of Indoxacarb (I) mixed with lufenuron
(L), Methoxyfenozide (M), chlorpyrifos (Ch), profenofos (Pr) and
lambada-cyhalothrin (Cy); using the LCas: LCos values after 72hrs and
before pUPAtioN. ...,
The effect of Pyridalyl (Py) on its binary combinations with Lufenuron
(L), Methoxyfenozide (M), Chlorpyrifos (Ch), Profenofos (Pr) and
Lambada-Cyhalothrin (Cy), by using of the LCos values to calculate the
Combination index (Cl) values against the of 2" instar larvae of S.
littoralis after 72hrs post treatment and before pupation.........................
The effect of Pyridalyl (Py) mixed with Lufenuron (L), Methoxyfenozide
(M), Chlorpyrifos (Ch), Profenofos (Pr) and lambada-cyhalothrin (Cy);
using the LCso value of the mixtures after 72 hrs, on certain biological
aspects of S. littoralis by feeding newly 2" instar larvae on treated castor
oil leaves for 24 hrs under laboratory conditions...................................
Mean Total protein, o — esterases total units and GST specific activity of
Pyridalyl (Py) mixed with Ilufenuron (L), Methoxyfenozide (M),
chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy); using
the LCos: LCos values after 72hrs and before pupation..........................
Mean AchE specific, Acid phosphatase activity and Alkaline phosphatase
activity of Pyridalyl (Py) mixed with lufenuron (L), Methoxyfenozide
(M), chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy);
using the LCas: LCos values after 72hrs and before pupation...................
Mean H,O activity, Total anti-oxidant capacity (TAC) and Lactate
dehydrogenase (LDH) activity of Pyridalyl (Py) mixed with lufenuron
(L), Methoxyfenozide (M), chlorpyrifos (Ch), profenofos (Pr) and
lambada-cyhalothrin (Cy); using the LCas: LC2s values after 72hrs and
before PUPALION. ...........ooooiii e,
The effect of lufenuron (L) and Methoxyfenozide (M), on their binary
combinations with chlorpyrifos (Ch), profenofos (Pr) and lambada-
cyhalothrin (Cy); by using of the LCzs values to calculate the
Combination index (Cl) values against the of 2" instar larvae of S.
littoralis after 72hrs post treatment and before pupation........................
The effect of lufenuron (L) and Methoxyfenozide (R), on their binary
combinations with Chlorpyrifos (Ch), Profenofos (Pr) and Lambada-
cyhalothrin (Cy); using the LCso value of the mixtures after 72 h, on
certain biological aspects of S. littoralis by feeding newly 2" instar larvae
on treated castor oil leaves for 24 hrs under laboratory conditions...........

iv

112

115

128

131

137

138

139

155



19.

20.

21.

22.

23.

24.

Mean total protein, o — esterases total units and GST specific activity of
lufenuron (L) and Methoxyfenozide (R), on their binary combinations
with chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin (Cy);
using the LCos: LCos values after 72hrs and before pupation.................
Mean AchE specific, Acid phosphatase activity and Alkaline phosphatase
activity of lufenuron (L) and Methoxyfenozide (R), on their binary
combinations with chlorpyrifos (Ch), profenofos (Pr) and lambada-
cyhalothrin (Cy); using the LCoys: LCoys values after 72hrs and before
PUPALION. ... o e
Mean H,O activity, Total anti-oxidant capacity (TAC) and Lactate
dehydrogenase (LDH) activity of lufenuron (L) and Methoxyfenozide
(R), on their binary combinations with chlorpyrifos (Ch), profenofos (Pr)
and lambada-cyhalothrin (Cy); using the LCzs: LC2s values after 72hrs
and before PUPALION. ..............oiieiiieei e
Development of resistance to methoxyfenozide on the 2" instar larvae of
S. littoralis exposed to laboratory selection pressure for 15" generations
Toxicity of Indoxacarb, Pyridalyl, Chlorpyrifos and Lufenuron on the 13™
generation of 2" instar larvae of Methoxyfenozide selected strain............
The toxicity of the binary mixtures of Indoxacarb (I)/ Chlorpyrifos (Ch)
Pyridalyl (Py)/Lufenuron (L), Pyridalyl/ Methoxyfenozide (M),
Lufenuron/ Chlorpyrifos and Methoxyfenozide/ Chlorpyrifos, by using of
the LCos values of each insecticide after 72hrs post treatment, to calculate
the Combination index (Cl) values against the 13" generation of 2" instar
larvae of methoxyfenozide selected strain.........................ccocoinn,

166

167

180

181



No.

wn e

LIST OF FIGURES

Standard curve of a-naphthol................. ...
Standard curve 0f HoOo........ooooiie
(A) The lethal dose- probit toxicity (LD-P lines) of Indoxacarb,
Lufenuron, Pyridalyl, Chlorpyrifos, Methoxyfenozide and
Profenofos and (B) Lambada-cyhalothrin, after 72hrs on 2" instar
larvae of S. littoralis. ...............ccoooiiiii
The effect of the tested insecticides at LC2s Conc. after 72hrs; on
Emergence %, Hatchability % and Sterility percentages of S.
littoralis by feeding newly 2" instar larvae on treated castor oil
leaves for 24 hrs under laboratory conditions.............................
Mean mortality % of 2" instar larvae of S. littoralis treated with
Indoxacarb (1) binary mixtures (LC2s+LCps) with Lufenuron (L),
Methoxyfenozide (M), Chlorpyrifos (Ch), Profenofos (Pr) and
Lambada- cyhalothrin (Cy) as a function of 3, 5, 7 and 11 days
after exposure t0 MIXIUIES. ..o
The effect of Indoxacarb (1) mixed with Lufenuron (L),
Methoxyfenozide (M), Chlorpyrifos (Ch), Profenofos (Pr) and
lambada-Cyhalothrin (Cy), (LCzs: LCzs) on Emergence %,
Hatchability % and Sterility % of S. littoralis by feeding newly
2" instar larvae on treated castor oil leaves for 24 hrs under
laboratory conditions..................coiiiiiieee e

Mean mortality % of 2" instar larvae of S. littoralis treated with
Pyridalyl binary mixtures with Lufenuron (L), Methoxyfenozide
(M), Chlorpyrifos (Ch), Profenofos (Pr) and Lambada-
Cyhalothrin (Cy) as a function of 3, 5, 7 and 11 days after
EXPOSUIE t0 MIXTUIES. .....ovviiiiciiiiiiiiiii e
The effect of Pyridalyl (Py) mixed with Lufenuron (L),
Methoxyfenozide (M), Chlorpyrifos (Ch), Profenofos (Pr) and
lambada-Cyhalothrin(Cy), (LCzs: LCzs) on Emergence %,
Hatchability % and Sterility % of S. littoralis by feeding newly
2" instar larvae on treated castor oil leaves for 24 hrs. under
laboratory CONditions...............cooooiiiiiii e
The change % of a) Hydrogen Peroxide (H202), b) Total Anti-
oxidant Capacity (TAC) and c) Lactate dehydrogenase (LDH) of
Pyridalyl (at LCs Conc.), Lufenuron (at LCzs Conc.) ,
methoxyfenozide (at LC2s Conc.), the binary mixtures of Py/ L
and Py/ M (LCozs: LC>s) after 72 hrs compared to control............

vi

69

73

103

107

127

132



10.

11.

12.

13.

14.

15.

16.

17.

18.

a — esterases total units (i moles/ ml/ min) of Pyridalyl,
Chlorpyrifos and Profenofos at LC»s value and Pyridalyl binary
mixtures with Chlorpyrifos (Ch) and profenofos (Pr) at (LCozs:
LC2s) compared to control after 72 hrs..................cccooviiiiiieenel.
Activity % of Hydrogen peroxide H>O,, Total Anti-oxidant
Capacity (TAC) and Lactate dehydrogenase (LDH) of Pyridalyl/
Chlorpyrifos (C) and Pyridalyl/ Profenofos compared to control...
a- esterases activity % of Pyridalyl (at LC2s Conc.), Lambada-
Cyhalothrin (at LC25 Conc.) and their mixture (LCos: LCos) after
72 hrs and Before pupation (BP) compared to control..................
Mean mortality % of 2" instar larvae of S. littoralis treated with
Lufenuron (L) and Methoxyfenozide binary mixtures with
Chlorpyrifos (Ch), Profenofos (Pr) and Lambada- cyhalothrin
(Cy) as a function of 3,5,7 and 11 days after exposure to mixtures.
The effect of Lufenuron (L) and Methoxyfenozide (M) mixed
with chlorpyrifos (Ch), profenofos (Pr) and lambada-cyhalothrin
(Cy), (LCss: LC25) on Emergence, Hatchability and Sterility % of
S. littoralis by feeding newly 2" instar larvae on treated castor oil
leaves for 24 hrs. under laboratory conditions............................
Activity % of Glutathione -S- Transferase (GST), Hydrogen
peroxide (H202) and Lactate dehydrogenase (LDH) of Lufenuron
(L) at LCzs, Chlorpyrifos (Ch) at LCzs and their mixture
(LCa25:LCos) after 72 hrs compared to control..............................
Activity % of o- esterase total units, GST, Acid Phosphatase
(ACP) activity, Total antioxidant Capacity (TAC), lactate
dehydrogenase (LDH), Acetyl choline Esterase (AchE) specific
activity, Alkaline phosphatase (ALP) activity and H2O; levels of
Lufenuron/ Profenofos mixture (LCo2s:LCas) after 72 hrs
compared to control. ...,
Activity % of o — esterases, GST specific activity, Acid
phosphatase (ACP) and Alkaline phosphatase (ALP) of
Methoxyfenozide (at LC2s Conc.), Profenofos (at LC2s Conc.)
and their mixture LCos: LCos after 72 hrs post treatment compared
to untreated CheCK............cccoiiiiiiiii
Hydrogen Peroxide (H20>) levels %, Total Anti-oxidant Capacity
(TAC) activity % and Lactate Dehydrogenase (LDH) activity %of
Methoxyfenozide (at LC2s Conc.), Lambada- Cyhalothrin (at
LC2s Conc.) and their mixture LCos: LCos after 72 hrs post
treatment compared to untreated check. .....................................

Vi

149

150

152

154

159

172

173

176

178



