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INTRODUCTION

The Egyptian cotton leafworm, Spodoptera littoralis (Boisd.) is one of the
most notorious and destructive phytophagous insect pests in Egypt, not only to
cotton, but also to other field crops and vegetables (Kandil ef al., 2003). These
caterpillars are very polyphagous, causing important economic losses in both
greenhouses and open field on a broad range of ornamental, industrial and vegetable
crops. Besides many populations have acquired resistance towards most insecticide
groups (Alford 2000).

Treatment of insects with insecticides may result in decrease in egg
production, affect egg fertility, elongate larval or pupal duration, suppression of
weight, insect malformations, or reduction in reproductive capacity (Hewady 1990, ,
Knight 2000, Radwan 2001 and Pineda et al. 2004). Many researchers reported the
elongation of larval duration but finely it developed to larva-pupa intermediate stage
or developed to normal pupa (Abdel-Rahman et al. 2003, El-Barkey et al. 2009 and
Gamil 2012). Permanent larva phenomenon is the elongation in the larval stage and
the larva does not develop to pupae. This phenomenon occurs as a result of hormonal
imbalance in insect when the larvae treated with some insecticides such as insect
growth regulators (IGR). Wigglesworth (1972) said that the progressive
development of immature (larval and pupal characters) and mature stages is
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controlled by the hormonal balance between both Ecdyson and Juvenile hormones.
Accordingly treating larva with an Ecdyson analogue may interfere with such
balanced hormonal system causing morphogenetic defects in the developmental
sequence. Vogel et al. (1979) analyzed the reactions of immature insects of more
than 40 species placed in continuous contact with high doses of juvenile hormone
active insect growth regulators. 4 different types were recognized: Inhibition of both
ecdysis and metamorphosis, defective metamorphosis, defective adult emergence
and defective embryogenesis. Abdel-Rahman et al. (2002) mentioned that increasing
the applied Neem Azal doses led to an elongation in the treated Pectinophora
gossypiella larval period in an ascending order and finally ended by the formation of
permanent larvae at the higher administered doses. In previous studies on
development of resistance of cotton leafworm against certain insecticides, treating
larvae with Spinetoram for six generations caused an elongation in larval period and
the last larval instar could not develop to pupae and died as permanent larvaec. When
the larvae were treated with Emamectin or Chlorpyrifos , they could not develop to
pupae and the phenomenon of permanent larvae was appeared from the first
generation, while in case of Lambda-cyhalothrin it was recorded in the second
generation (Rasheed 2017, Rasheed ef al. 2015 and Rasheed et al. 2016) .  This
work aimed to explain this phenomenon as a result of treating the cotton leafworm,
S. littoralis larvae with Spinetoram pesticide.

MATERIALS AND METHODS

Insects rearing technique:

The basis of t he culture designed to provide cotton leafworm, S. littoralis
used in the present work was obtained from freshly collected eggs masses supplied
from the Cotton Leafworm Department, Plant Protection Research Institute, Dokki,
Egypt. Larval stages were reared on caster bean leaves (Ricinus communis) which
were provided daily. The formed pupae were collected and placed in clean jars with
moist saw dust placed at the base to provide the pupation site. Adults were provided
with 10% sugar solution. All stages of S. littoralis were cultured and tested at
27+2°C and 70+ 5 % R.H.

Buildup of resistant strains Spinetoram insecticide:

Spinetoram is a mixture of major and minor components:
Major component (3'-O-ethoxy-5,6-dihyro spinosyn J)
Minor component (3'-O-ethoxy spinosyn L)
- Common name: Spinetoram
- Trade name: Radiant.
- Formulation used: (12% SC.)
The leaf-dipping bioassay method was used to determine the median lethal
concentration (LCsg) values. Serial concentrations of the pesticide were prepared. For
each concentration, caster bean leaves were dipped for 30 seconds then allowed to
dry at room temperature. Treated leaves were introduced to 4™instar larvae of the
cotton leafworm for 24 h after that mortality counts were recorded. Mortality
percentages were corrected using Abbott's formula (Abbott 1925). The LCsy values
were calculated according to the method of Finney (1971). Insects were maintained
under constant conditions of 25 + 2 °C and 65 = 5% R. H. and any surviving larvae
were transferred to clean jars containing fresh untreated leaves to have the following
generation. Using the LC50 value obtained from the previous generation, the same
technique of selection and rearing was followed at each successive generation. For
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each tested generation, larval duration (from the initial treated instar up to pupation)
was calculated.
Biochemical studies:-

Whenever the tested treatments produced permanent larvae the following
biochemical determinations were done.
Total carbohydrates were extracted and prepared for assay according to Crompton
and Birt (1967) and Total carbohydrates content were estimated in acid extract of
sample by the phenol-sulphuric acid reaction of Dubios et al. (1956).
For other biochemical measurements; the surviving larvae exhibiting toxic
symptoms were anaesthetized and rinsed with 5 ml acetone to remove surface
residues, the larvae were weighed then homogenized in phosphate buffer (pH 7)
using a Teflon tissue homogenizer surrounded by crushed ice. The homogenates
were centrifuged at 8000 rpm for 20 min at 4° C and the supernatant was used
directly for the determination of the following:
* Total protein content of the total body was determined according to Bradford
(1976).
* Total lipids were estimated by the method of Knight et al. (1972).
* Glutathione-S-transferase activity was determined according to the method of
Habig et al. (1974).
* Non-specific a and f} esterase activity was measured as described by Van Asperen
(1962).
* Acetyl choline-esterase (AChE) activity was determined using acetylcholine
bromide (Ach Br) as substrate according to the method described by Simpson et
al.(1964).
* Acid and alkaline phosphatase activity was measured from the larval hemolymph
as described by Powell and Smith (1954).
* Mixed Function Oxidase (MFO) activity was determined according to the method
of Hansen and Hodgson (1971).
* Total Amino Acids (HCI- hydrolyzed) were determined according to Pellet and
Young (1980)

Molecular biology assay:
Preparation of PCR Reaction:

Random amplified polymorphic DNA (RAPD) is a PCR based technique for
identifying genetic variation. It involves the use of a single arbitrary primer in a PCR
reaction, resulting in the amplification of many discrete DNA products. Preparation
of buffers, isolation and purification of genomic DNA and preparation of PCR
reaction were done depending on Sambrook et al. (1989), Williams et al. (1990),
Walsh et al.(1991), Rohland and Hofreiter (2007), Lagisz et al. (2010) and Swain et
al. (2010). Subset of 5 random primers were used in the detection of polymorphism
among the samples. The nucleotide sequence of five primers used for RAPD-PCR
analysis was shown in table (1).

Statistical analysis:

The significance of the main effects was determined by one way analysis of
variance (PROC. GLM). The significance of various treatments was evaluated by
Tukey’s multiple range tests (p< 0.01). All analyses were made using the Statistical
Analysis System Version 9.1 program PROC PROBIT (SAS Institute 2003).



314 Hassan F. Dahi et al.

Table (1): Nucleotide sequence of the five primers used for RAPD-PCR analysis

No. Primer Primer sequence

1 OPA-03 AGTCAGCCAC

2 OPA-04 AATCGGGCTG

3 OPA-05 AGGGGTCTTG

4 OPA-06 GGTCCCTGAC

5 OPA-08 GTGACGTAGG
RESULTS AND DISCUSSION

Larval duration of permanent larvae:

Data in Table (2) appeared that the S. littoralis larval duration (from 4" larval
instar till death) of permanent larva was 23.67 days compared with 10.93 days of
untreated larvae (from 4™ larval instar till pupation) showing a highly significant
increase in larval duration by 116.5%.

Table (2): Duration of S. littoralis larvae (from 4™ instar until pupation or death of

the larvae).
Strains Larval duration % Increase**
(days) than control
Untreated larvae 10.93+0.23 —_
Permanent larvae 23.67+2.91° 116.5

* means highly significant (p of t<0.001)
Increase than control (%) = 100 (Treated - Control) / Control

This result was in agreement with many researchers who reported also the
formation of permanent larvae at higher doses of AzA as Schulz and Schluter (1983)
on Epilachna varivestis and Schluter et al. (1985) on Manduca Sexta and Imam
(2001) and Abdel-Rahman et al. (2002) on P. gossypiella. The active ingredient
azadirachtin is structurally similar to the ecdysones insect hormones which control
the process of metamorphosis as insects pass from larva to pupa to adult (Ascher
1993). Watson and Kelly (1995) studied the amount of toxin of Bacillus
thuringiensis required to prevent development of resistance in P. gossypiella and
found that there was positive correlation between the used concentration and
retardation in larval development, the highest used concentration (0.375 ug /ml diet)
prevented all the exposed 1% instar larvae from ecdysis to the next instar even after 9
days while the control larvae developed to the 4™ instar after the same period (9
days).

Growth and development of insects are under the control of hormones,
including prothoracicotrophic hormones (PTTH) (brain hormone), ecdysteriods
(ecdysone) (molting hormone) and juvenile hormone (JH). The peptide hormone
PTTH secreted from the brain controls the secretion of the molting hormone
(ecdysone) from the prothoracic gland. Ecdysone is responsible for cellular
programming and together with JH initiating for molting process. JHs control a
number of processes such as embryogenesis, molting and metamorphosis,
reproduction, diapause, communication, migration / dispersal, caste differentiation,
pigmentation, silk production and phase transformation. When JH levels secreted
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from the corpora allata are low, the epidermis is programmed for a larval molt,
otherwise, the epidermis is programmed for metamorphosis. JH is virtually absent in
the pupae, but is present in adults to serve some functions in reproduction. Thus, JH
suppresses pupation and induces vitellogenesis during the reproductive stage of the
insects. Any disturbance in the normal hormone may cause a crucial disorder in
growth and development of insects. (Eto 1990).

The elongation in larval periods ended by the formation of permanent larvae at
higher applied doses means that, the critical concentration of the Ecdyson was
reached after a considerable longer period of time compared with untreated ones.
Insects poisoned with Insect Growth Regulators (IGR) or other insecticide interferes
with the production of ecdysone cannot molt or reproduce and eventually they die
(Brown 2005 and Childs 2005).

These results indicated that Radiant (the tested Spinetoram formulation)
might cause either inhibition of Ecdyson release or interference with some
transmitters involved in the regulation of Ecdyson biosynthesis and /or release
causing the imbalance between secretion of Ecdyson and Juvenile hormone which
led to appearance of this phenomenon.

Biochemical Aspects of Permanent larvae:
Effect on main contents:

Data in Table (3) showed non-significant different in the total carbohydrates
between untreated larvae and permanent larvae of S. /ittoralis. On the other hand,
significant increase in total protein content in the permanent larvae by 28.17% than
untreated larvae. This increase in total protein may be due to the elongation in larval
duration. The insect body contains different types of proteins, each with a very
specific purpose. A protein may be merely structural giving form and strength to the
exoskeleton or binding cells together into biochemical reaction, the storage and
transport of a nutrient or waste product of the movement of a specific molecule
across cell membranes (Assar ef al., 2012).

Lipids are essential structural component of cell membrane and cuticle.They
provided a rich source of metabolic energy. Significant decrease in total lipids
content in permanent larvae by 63.92% than untreated larvae was obtained as shown
in Table (3).This result is in agree with Rawi ef al (2011) who found highly
significant decrease in the level of total lipids on the 4™ Instar larvae of S. littoralis
post treatment of with LC,¢ of Azadirachta indica or Citrullus colocynthis. The great
reduction in total lipids might be due to breaking down lipids to simpler moieties that
could be utilized as a carbon source for growth.

Table (3): Total carbohydrates, protein and lipid contents in S. /itforalis untreated and
permanent larvae.

Strain Carbohydrates  Increase Protein Increase Lipid Increase
s (mg/ml) Co)* | (mgm) (%)* (mg/ml) (%)*
Untreated |5 37, ygns - 10.40£0.26 - 8.40:0.21" -
larvae
Permanent 7.73+0.27™ 0.05 13.33£0.12"  28.17 3.03£0.15  -63.92
larvae

“Increase than control (%) = 100 (Treated - Control) / Control
** means highly significant and ns means not significant (p of t<0.001)
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Table (4): Acetyl Choline- esterase (AChE), Glutathione S-transferase (GSTs) and mixed
function oxidase (MFO) activities in untreated and permanent larvae of S.

littoralis.

AChE GSTs MFO
(ug AChBr
Strains Jmin/g. body Increase (m mole sub.  Increase ( mmole sub Increase
wei ht) (%)* conjugated/min/g.  (%)* oxidized/min/g. (%)*
g body weight) body weight)
Untreate | o5 o7 000%x 23.6741.86 — 31.10+1.17" —
d larvae
Permane | 5 33906 -52.5 168.00£4.16%*  609.75 | 35.03+1.02" 12.6
nt larvae

“Increase than control (%) = 100 (Treated - Control) / Control
** means highly significant and ns means not significant (p of t<0.001)

Table (5): Non- specific esterase activities in untreated larvae and permanent larvae
of S. littoralis (ug o-naphthol/min/g. body weight).

Strains o-esterases Increase p-esterases Increase
(Y0)* (%)*
Untreated 33.67+2.85 — 92.00+5.29 —
larvae
Permanent {535 0,14 57 % 894.9 212.00-+8.33%* 130.43
larvae

“Increase than control (%) = 100 (Treated - Control) / Control
** means highly significant (p of t<0.001)

Table (6): Acid and alkaline phosphatase activities (UM p-nitrophenol /g. body
weight) in untreated larvae and permanent larvae of S. littoralis.

. Acid
Strains Alkaline Increase hosphatase Increase
phosphatase (%)* phosp (%)*
Untreated 51.00+2.65 — 566.0048.19%* —
larvae
Permanent 161.00 +£5.57%** 215.7 285.67+7.22 -49.5
larvae

“Increase than control (%) = 100 (Treated - Control) / Control
** means highly significant (p of t<0.001)

Effect on enzymes:

Data in Table (4) showed significant decrease in acetylcholine esterase
(AChE) activity by 52.5 % in permanent larvae than untreated larvae. A highly
significant increase in Glutathione S-transferases (GSTs) activity by 609.75% was
found in permanent larvae comparing with the untreated larvae. Results of the
estimated Mixed Function Oxidase (MFO) activity also showed no significant
difference between the two types of larvae.

Concerning the non—specific esterase activities (o-esterases and B-esterases),
Table (5) showed highly significant increase in a-esterases and B-esterases activities
in permanent larvae than those in untreated larvae by 894.9% and 130.43%,
respectively. On the other hand, Table (6) presented acid and alkaline phosphatase
activities in the permanent larvae and untreated larvae of S. littoralis. The results
indicated highly significant increase in alkaline phosphatase by 215.7% and
significant decrease by 49.5% in acid phosphatase activity in permanent larvae
compared with untreated larvae.
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Effect on amino acids content:

Amino acid analysis of larval body using the Amino Acid Analyzer indicated
that the body of S. littoralis larvae contained 16 different free amino acids. They
were the same in the permanent and the normal untreated larvae but significantly in
higher quantities in the permanent larvae. As shown in Table (7) the increases in
amino acid contents in the permanent larvae than the normal untreated larvae were
arranged between 275.44% and 203.28% in Histidine and Lysine amino acids and
8.15% and 65.15% in Argenine and Tyrosine amino acids, respectively. These results
were in agreements with the previous results which showed significant increase in
total protein content in the permanent larvae by 28.17% than untreated larvae. This
increase in total protein may be due to the elongation in larval duration.

Zeenath and Nair (1994) reported that when the sixth instar larvae of
Spodoptera mauritia were treated with juvenile hormone analogue hydroprene, the
total amino acid concentration increased. Bakr et al. (1991) mentioned that the total
pool of free amino acids in the larvae and pupae of Musca domestica was increased
by treatment with dimilin, as an insect growth regulator. Some amino acids can
utilize as a source of energy. Proline is known to be a possible energy reserve since
it is a derivative of glutamic acid and could enter the citric cycle after deamination
to a- ketoglutaric acid (Bursell, 1963). Chen (1974) reported that alanine is a very
active transaminase and plays an important role in glucose production from pyruvic
acid through transamination. The glutamic alanine transaminase system serves as
the main pathway in both the deamination of glutamic acid to ketoglutaric acid and
the conversion of pyruvic acid to alanine.

Table (7): Total Amino acids content in untreated larvae of S. littoralis and permanent larvae.

- . . Tntreated larv ae Fermanent larv ae Increase or decrease (o
Na. Aming acid (mpal (mpol than control e
1 Aspartic 10438 37631 16759

2 Threonine 4315 11254 16107

a Serine 508 11 BD7 1533125

4 Glutamic 119735 6057 11735

& Clycine 3421 2433 11507

& Alanine GB35 183 S2ET0

T Valine 5248 11016 10807

8 Methionime 118 1871 14521

[] Isoleucine 4 158 1085 15516

10 Leucine 6153 11756 13356

11 Tyrosime 4086 a71s .15

12 Fhenyl alanine 3585 BE1E5 12825

13 Histidine 545 20533 175

14 Lysme 4008 14 BE3 328

1= Ammonia 44073 s 12003

16 Argenine 4541 4911 215

17 Froline ToE2 16337 10487

Molecular Aspects of Permanent larvae:

Four primers (OP-A3, OP-A5, OP-A6 and OP-AS8) out of the five tested
primers gave a clear difference among the S. littoralis untreated and permanent
larvae on the basis of the amplified product pattern. Number and molecular weights
of different amplified products obtained by the tested primers with S. littoralis
untreated and permanent larvae are presented in Table (8 A, B, C abd D).
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Table (8): Number and molecular size of different amplified products produced by
the four tested primers with S. littoralis untreated and permanent larvae.

A - OPA-03 B - OPA-05
OPA-03 5-AGTCAGCCAC-3' OPA-05 5'-AGGGGTCTTG-3'
Band Untreated Permanent Ms (bp) Band Untreated Permanent Ms (bp)
> 1 0 SR0 ) ] 0 550
2 1 1 500 3 1 0 490
4 1 1 390 4 1 1 390
5 0] 1 190 Total 4 1 -
Tatal 3 4 -
C - OPA-06 D - OPA-08
OPA-06 5'-GGTCCCTGAC-3’' OPA-08 5'-GTGACGTAGG-3’
Band Untreated Permanent Ms (bp) Band Untreated Permanent Ms (bp)
1 1 1 700 1 1 1 600
2 1 1 600 2 1 1 500
3 1 1 500 3 1 1 350
4 1 1 400 4 1 0 300
5 1 1 300 Total 4 3 -
6 1 1 200
Total 6 6 -

The data in Table (8 A.) showed that, the number of produced fragments by
primer OPA-03 are 5 bands, distributed as 3 and 4 fragments in normal untreated
and permanent S. [ittoralis larvae, respectively. The smallest size of the amplified
products was 190 bp and the largest size was 850 bp. Both of them were formed in
permanent larvae but not formed with the normal untreated larvae. Bands number 3
and 4 with 400 and 500 bp were formed in the two types of larvae, while the second
band was formed in the normal untreated larva and not noticed in the permanent one.

Also, data in Table (8 B.) showed that, the number of produced fragments by
primer OPA-05 are 4 bands, distributed as 4 and 1 fragments in normal untreated
and permanent larvae of S. littoralis, respectively. The smallest size of the amplified
products was 390 bp formed in normal untreated and permanent larvae. The largest
size was 600 bp in untreated larvae.

On the other hand, data in Table (8 C) showed that, the number of fragments
produced by primer OPA-06 is 6 bands, distributed as 6 fragments in both of the
normal untreated and permanent larvae. The smallest size of the amplified products
was 200 bp and the largest size was 700 bp in both normal untreated and permanent larvae.

Finally, Data in Table (8 D) showed that, the number of produced fragments
by primer OPA-08 are 4 bands, distributed as 3 and 3 fragments in normal
untreated and permanent larvae of §. littoralis, respectively. The smallest size of the
amplified products was 300 bp in normal untreated and not found in permanent
larvae fragments, while the largest size was 600 bp formed in both of normal
untreated and permanent larvae.

Table (9): List of RAPD- PCR primers and the number of amplified DNA bands
generated by four DNA- RAPD primers used for the identification of
S. littoralis untreated and permanent larvae.

Primer code Total No. of ) No. of ) Polymorphism
No No. of Monomorphic polymorphic o
' bands bands bands (%)
OPA-03 5 2 3 60
OPA-05 4 1 3 75
OPA-06 6 6 0 0
OPA-08 4 3 1 25




Insecticides Application and the Egyptian Cotton Leafworm 319

Data in Table (9) showed the list of RAPD- PCR primers, their sequences
and the number of amplified DNA bands generated by four DNA- RAPD primers
used for the identification of S. littoral normal untreated and permanent larvae.
Monomorphism is a band of DNA that present in all individuals but polymorphism
is a marker or band that present in an individual or some individuals but is absent in
another individual. For primer OPA-03, total number of bands was 5 bands.
Number of monomorphic bands was 2 and number of polymorphic bands was 3
bands therefore polymorphism percentage was 60%. Primer OPA-05 formed 4
bands. One of them was a monomorphic band and the other 3 bands were
polymorphic bands therefore polymorphism percentage was 75%. By the same
way, six bands were formed by primer OPA-06. All of these 6 bands were
monomorphic bands with 0 polymorphic bands therefore its polymorphism
percentage was 0%. In primer OPA-08, total number of bands was 4 bands.
Number of monomorphic bands was 3 while, number of polymorphic bands was 1
bands therefore polymorphism percentage was 25%.

These results indicated that some pesticide formulations may have a hormonal
actions and have the ability to interfere the hormonal balance in the insect causing
either delaying or inhibition in Ecdyson biosynthesis and /or release causing the
imbalance between secretion of Ecdyson and Juvenile hormone which cause
prolonging larval duration, appearance of permanent larvae or larval-pupal
intermediate or causing adult deformations. Permanent larvae have few lipid contents
and high contents in total protein and free amino acids. DNA- RAPD - PCR primers
(OPA-03, OPA-05 and OPA-08) can be used for determining the genetic differences
between S. littoral normal untreated and permanent larvae.

REFERENCES

Abbott, W. S. (1925): A method of computing the effectiveness of an insecticide. J.
Econ. Entomol., (18):265-267.

Abdel-Rahman, A. G.; El-Sayed A. K., Hammoda L. S. and Imam A. 1. (2002):
Comparative biological and toxicological studies on pink bollworm
Pectinophera gossypiella (Saunders.) as affected by neeazal application. 2™
International Conference, Plant Research Institute, Cairo, Egypt, 21-24
December, 2002, 626-631.

Abdel-Rahman, A. G.; El-Sayed A. K., Hammoda L. S. and Imam A. I. (2003):
Indirect effects of Neemazal-T/S application on the pink bollworm
Pectinophera gossypiella (Saund.). The first conference on farm integrated pest
management. Fayoum Fac. Agric. Cairo Univ. 19 Feb., 2003, 51-60.

Alford, D. V. (2000): Pest and disease management hand book British crop
protection council, Blackwell Sceience, Oxoford, 615pp.

Ascher, K. R. (1993): Nonconventional insecticidal effects of pesticides available
from the neem tree, Azadirachta indica. Arch. Insect Biochem. Physiol.
22:433-449.

Assar, A. A.; Abo-El-Mahasen, M. M.; Hearba, N. M. and Rady, A. A. (2012):
Biochemical effects of cyromazine on Culex pipiens larvae (Diptera:
Culicidae). J. Am. Sci., 8(5):443-450.

Bakr, R. F.; Abdel-Razak, N. A.; Hamed, M. S. and Guneidy, A. M. (1991):
Physiological effect of some insect growth regulators on the respirometric
movements, total protein and free amino acids of the housefly, Musca
domestica. Ain Shams, Sci., Bull., 28 B: 169-177.



320 Hassan F. Dahi et al.

Bradford, M. M. (1976): A rapid and sensitive method for the quatitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem., 72: 248-254.

Brown, A. E. (2005): Mode of action of structural pest control chemicals. Pesticide
Information Leaflet No. 41, MD Coop. Ext., Univ. Maryland, USA, 8pp.

Bursell, E. (1963). Aspects of the metabolism of amino acids in the tsetse fly,
Glossina (Diptera). J. Insect Physiol., 9: 439-452.

Chen, P. S. (1974). Amino acid and protein metabolism in insect development. Adv.
Insect. Physiol., (3):69-89 J.W.L. Beament; J.E. Treheme and V.B.,
Wigglesworth (Eds.).

Childs, R. D. (2005): New products and how they work. Published in the 81*annual
ISA conference and trade show in Nashville, TN., Plant Health Care
Symposium, USA.

Crompton, M. and Birt, L.M.(1967): Changes in the amounts of carbohydrates,
phosphagen, and related compounds during the metamorphosis of the blowfly,
Lucilia cuprina. J. Insect physiol.,13:1575-1595.

Dubios, M.; Gilles, K.A.; Hamilton,J.K.; Rebers,P.A. and Smith,F. (1956) :
Colorimetric method for determination of sugars and related substances.
Anal.Chem.,28: 350-356.

El-Barkey, N. M.; Amer A. E. and Kandeel M.A. (2009).Ovicidal activity and
biological effects of radiant and hexaflumuron against eggs of pink bollworm,
Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae). Egypt Acad.
J. biolog. Sci., 2(1): 23 -36.

Eto, M. (1990): Biochemical mechanism of insecticidal activates, In: Chemistry of
Plant Protection (Eds. G. Haug and H. Hoffman,). Springer Verlag. 6: 65-107.

Finney, D. J. (1971): Probit analysis (3rd Ed.). Cambridge Univ. Press., 333p.

Gamil, W. E. (2012).Physiological and histological response of certain larvae of
cotton insect pests treated with some novel compounds. Ph.D. Thesis, Fac.
Agric., Ain Shams Univ., Egypt, 200 pp.

Habig, W. H.; Pabst, M. J. and Jakoby, W. B. (1974): Glutathione S-transferases: the
first enzymatic step in mercapturic acid formation. J. Biolog. Chem., 249 (22):
7130- 7139.

Hansen, L. G. and Hodgson, E. (1971): Biochemical characteristics of insect
microsomes: N- and O-demethylation. Biochem.Pharmacol., 20:1569-1578

Hewady, M. A. (1990). Response of the spiny bollworm, Earis insulana (Boisd.) to
certain noval insecticides with reference to resistance development. Ph.D.
Thesis, Fac. Sci., Ain Shams Univ., Cairo, Egypt, 180 pp.

Imam, A. I. (2001): Comparative toxicity of Neem and Bacillus thuringiensis on
pink ballworm Pectinophora gossypiella. M.Sc. Thesis Fac. Sci., Ain Shams
Univ., Egypt, 229 pp.

Kandil, M. A.; Abdel-Aziz N.F. and Sammour E.A. (2003): Comparative toxicity of
chlorofluazron and leufenuron against cotton leaf worm, Spodoptera littoralis
(Boisd). Egyp. J. Agric. Res. NRC, 2:645-661.

Knight, L. (2000).Tebufenozide targeted against codling moth (Lepidoptera:
Tortricidae) adults eggs and larvae. J. Econ. Entomol., 93 (6): 1760-1767.
Knight, J. A.; Anderson, S. and Rawle, J. M. (1972): Chemical basis of the
sulfophospho-vanillin reaction for estimating total serum lipids.Clin. Chem.,

18: 199-202.

Lagisz, M.; Port, G. and Wolff, K. (2010).A cost-effective, simple and high

throughput method for DNA extraction from insects. Insect Sci.00,1-6.



Insecticides Application and the Egyptian Cotton Leafworm 321

Pellet, P. L. and Young, V. R. (1980): Nutritional evaluation of protein foods.
Published by the United Nation University.

Pineda, S.; Budia, F.; Schneider, M. 1.; Gobbi, A.; Vinuela, E.; Valle J. and Del
Estal, P. (2004).Effect of two biorational insecticides, Spinosad and
methoxyfenozide, on Spodoptera littoralis (Lepidoptera: Noctuidae) under
laboratory conditions. J. Econ. Entomol., 97 (6): 1906-1911

Powell M.E.A. and Smith M.J.H. (1954): The determination of serum acid and
alkaline phosphatase activity with 4- amino antipyrine. J.Clin. Pathol .,7 : 245-
248 .

Radwan, E. M. M. (2001). Biological and biochemical effects of certain insecticides
on the Spiny bollworm, Earias insulana (Biosd.)Ph.D. Thesis, Fac. Sci., Ain
Shams Univ., Egypt.

Rasheed, D. M. S. (2017): Biochemical and molecular effects of some insecticides
on cotton leafworm. PhD. Thesis, Fac. Agric., Al-Azhar Univ., Cairo, Egypt.

Rasheed, D. M. S.; Abdel-Rahman A. G., Dahi H. F. and El-Bamby M. M. and
Gamil W. E. (2015): Spinosyn resistance mechanism in Egyptian cotton
leafworm Spodoptera littoralis (Boisd.). Al-Azhar J. Agric. Res., 24: 99-121.

Rasheed, D. M. S.; Abdel-Rahman A. G., Dahi H. F. and EI-Bamby M. M. (2016):
Pyrethroids Resistance Mechanism in Egyptian Cotton Leafworm Spodoptera
littoralis (Boisd.). Egypt. Acad. J. Biolog. Sci., 8(1): 81 - 93.

Rawi, S. M.; Bakry, F. A. and Al-Hazmi, M. A. (2011).Biochemical and
histopathological effect of crude extracts on Spodoptera littoralis larvae. J.
Evol. Biolog. Res., 3(5): 67-78.

Rohland, .N. and Hofreiter, M.(2007). Ancient DNA extraction from bones and
teeth. Nature protocols,2(7) 1756-62.

Sambrook, J.; Fritsch, E. F. and Maniatis T. (1989).Molecular cloning: a laboratory
Manual. Cold Spring Harbour Laboratory Press, New York.

SAS Institute (2003). SAS version 9.1. Cary, NC.

Schluter, U.; Bidmon, H. J. and Grewe, S. (1985): Azadirachtin affects growth and
endocrine events in larvae of the tobacco hornworm, Manduca Sexta. J. Insect
Physiol., 31 (10): 773-777.

Schulz, W. D. and Schluter (1983): Structural damages caused by Neem in
Epilachnavarivestis. A summary of histological and ultrastructural data. II.
Tissues affected in adults. Proc. 2™ Int. Neem conf., pp. 237-251.

Simpson, D. R.; Bull, D. L. and Lindquist, D. A. (1964).A semimicro technique for
the estimation of cholinesterase activity in bull weevil. Ann. Ent. Soc. Am., 57
(3):367- 377

Swain, S.; Mohanty, A.; Tripathy, H.K.; Mahapatra, N.; Kar, S.K. and Hazra, R.K.
(2010). Molecular identification and phylogeny of Myzomia and Neocellia
series of Anopheles subgenus Cellia(Diptera:Culicidae).Infect.
Genet.Evol.,10(7):931-939

Van Asperen, K. (1962): A study of housefly esterase by means of sensitive
colourimetric method. J. Insect Physiol., 8: 401-416.

Vogel, W.; Masner P., Graf O. and Dorn S. (1979): Types of response of insects on
treatment with juvenile hormone active insect growth regulators. Experientia
35: 1254-1256, Birkhauser Verlag, Basel (Schweiz).

Walsh, P. S.; Metzger D.A. and Higuchi R. (1991). Chelex 100 as a medium for
simple extraction of DNA for PCR based typing from forensic material.
BioTechniques, 10(4): 506-513.

Watson, T. F. and Kelly Johnson, S. (1995): A bioassay to assess pink bollworm



322 Hassan F. Dahi et al.

Pectinophora gossypiella (Saunders) susceptibility to Bt toxins. Proceedings
Beltwide Cotton Conferences, 2:878-879.

Wigglesworth, U. B. (1972): The principles insect physiology. Metheium, London.

Williams, J. G. K.; Kubelik, A. R.; Livak, K. J.; Rafalski, J. A.and Tingey, S. V.
(1990). DNA polymorphisms amplified by arbitrary primers are useful genetic
markers. Nucleic Acids Res., 18: 6531-6535.

Zeenath, C. and Nair, N. S. K. (1994): Developmental profile of haemolymph
proteins and amino acids in last larval instar of Spodoptera mauritia (Boisd)
following treatment of a Juvenile hormone analogue .Indian J. Exp. Biolog., 32
(4): 271-273.

ARABIC SUMMARY
R (359 53 94 Aaliuall il ) g A peiad) Cilssal)  ualas

deea s¥ 9 —" el dana 3gana T Gaa ) e Gual Jlaa sl e ' ala g b s
Tad and )y sl a - e b
oae — 8l — (Bl — e )3l Gganll 38 je — Gl A8 Ggan g )
H_c‘)ﬁm\_‘u)u\—c\M\uFJSJA_QL\J\%G}HA Y
pae —5,alal — o Wl deals —de) )3l A0S Ay gallac) 3l 5 Aol ad Y

Jad A 5 jallall o2 aaad | 8l eed) Jola 3 Al (e 5 jle Akl 38,401 5 el
Agpdall saill clakiie Jie Ay pdall Olagall Gy cild ) Aldee any Gy pdall Gl ge el 55
cal ) stinan) Gl oadll (359 3350 G  Aldlae e andlill 3 jallll 33a st ) Jead) 138 Caag
Sl sanll Jsh (4 gina 30l ) s 85 g i GiSalad¥) 5 i o sISI (S5 gllgd alualll
5 AN g ol ARSI Sl o g s8I (e IS (5 i (B A giae st Jaad 5 Alelaall 0
A8 5l CHESERY) A 3 L) el tiaeall il jall b deasi 51 ey 33y ilalis o SIS 5 2010 () sl
Ol (3 983 sal aalaiiall Ol ) g Alalaall yue cld Hl) oy



