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ABSTRACT: The pink bollworm (PBW), Pectinophora gossypiella, is one of the most
devastating and invasive insect pests causing immense damage on cotton plants across the
world. Adverse effects of microbial insecticide vertimec (product of Streptomyces avermitilis -
Avermectin-1.8% w/v) were evaluated against developmental stages of PBW under laboratory
conditions. Mortality, LCso and slope values were estimated for egg and larvae, as well as the
latent effects of the vertimec LCso. Bioassay tests showed that the hatchability rate of the eggs
decreased in dose dependent manner and it could be noted that the vertimec effect was equal
to eggs of one and four days old , where the LCsos) were 127 and 230 ppm, respectively. Other
developmental stage, larvae, was also affected by vertimec. The mortality rates of PBW larvae
treating as 1t instar increased with the increase of the used concentration and period after
treatment, where the LCso-values calculated after 2 and 7 days of treatment were 0.5950 and
0.3455 ppm.  In addition, the biochemical response of P. gossypiella was assessed at two
larval stages (2" & 4% instar) after treatment as newly hatched larvae with vertimec at LCso. The
main metabolite levels of the two larval ages (total proteins, total carbohydrates, total lipids and

glucose) and some vital enzyme activities (amylase, protease, ALT, AST and AchE) were
estimated. :

Key words: Pectinophora gossypiella, pink bollworm, Streptomyces avermitilis, vertimec,
biochemical response, toxicity.

INTRODUCTION 1987). Vertimec (Avermectin B4) is a

Cotton is attacked by a number of member of Avermactins family. It has
sucking and chewing pests in Egypt. demonstrated activity against a range of
Ecologically, pink  bollworm  (PBW), insect pests, especially lepidopterous
Pectinophora gossypiella (Saunders) insects. It has been shown to exhibit growth
(Lepidoptera: Gellichidae), is considered as regulating activity and inhibit feeding (Abo
one of the major and important economic El-Ghar et al., 1994). Putter et al. (1981)
pests of cotton. Most of the PBW control described the structure formula for vertimec
programmers in Egypt mostly depend on the and reported that, this isolate adversely
use of various synthetic insecticides. Often, affect the reproduction of some insects. Fritz
the prolonged use of these chemicals has et al. (1979) stated that vertimec blocks

been accompanied by increased resistance.
in addition, the release of these chemicals
pollutes the environment and affects non-
target organisms. The appearance of such
problems has been accompanied by
growing interest to use new safe bio-

postsynaptic potential of neuromascular
junctions. It acts on the mediation of
neurotransmission by y-aminobutyric acid
(GABA) and glutamate-gated chloride
channeis leading to paralysis (White ef al.,

insecticide with a new mode of action specially 1997). ,
when dealing with water. Therefore, this study aimed to evaluate
; - : the toxicity of vertimec against the PBW, in
Avermectins were originaily isolated from o
the actinomycete Streptomyces avermitilis. ?&d't'on to.study the sub ;,d!ethal eﬁec;ts of
The insecticidal activity of avermectins has hysi lprQV|<)‘us ciom?;)hu ) <:n ome
been extensively reviewed (Strong & Brown, physiological aspects of the insect.
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MATERIALS AND METHODS
Rearing of P. gossypiella:

Newly hatched larvae of P. gossypiella
were obtained from a colony maintained in
the Bollworms Department Laboratory, Plant
Protection Research Institute, Ministry of
Agriculture, Dokki, Giza for several
generations at 27 1°C and 75 * 5%
relative humidity (RH). Larvae were reared
on a modified artificial diet as described
previously by Abd El-Hafez et al. (1982).

+

Microbial formulation:

Formulation of Streptomyces avermitilis,
vertimec [Avermectin 1.8% w/v emulsifiable
concentrate; Merck. Sharp & Dohme
Research Laboratory (MSDRL)] was used in
the present investigation. It contains at least
80% of avermectin B1a (C4s Hrzz O1a, MW:
872) and not more than 20% of avermectin
Bib (Ca7 Hzo O14, MW: 858).

Insecticidal activity:

To assess the insecticidal activity of the
tested compound, a stock solution of the
tested compound was prepared by diluting
the formulated compound with distilled water
to obtain serial aqueous concentrations
ranging from 1.25-10 ppm & 0.082-4.0 ppm,
for eggs ( 1- & 4- days old) and newly
hatched larvae, respectively.

Eggs cards were dipped in each
concentration level for 5 sec., then left to dry
at room temperature. Three replicates were
used for each concentration and
hatchability% was recorded. The same
number of replicates and eggs considered
as a control (dipped in water only for 5 sec).

For larvae, seven serial aqgueous
concentrations ranging from 0.062 to 4.0
ppm of vertimec were tested against newly
hatched larvae of PBW. One mi of each
tested aqueous  concentration was
homogenate mixed with 50 g of fresh PBW
artificial diet not containing the antimicrobial
agents. After preparation of tested diets,
each one was individually folded into 3 Petri
dishes (9 cm in diameter). Ten healthy newly
hatched larvae of PBW were gently
transferred on the surface of the diet using a
soft hair brush. Another group of 3 Petri
dishes was prepared containing the normal

A

diet mixed with the same volume of distilled
water (used as control) and similar nhumber
of the maintained larvae was placed on their
surfaces. All dishes were maintained in an
incubator at 27 + 1°C and 75 = 5% relative
humidity (RH). After two days from exposing
the first instar larvae on the biocinsecticide —
contaminated diet or the free one, any alive
larvae of each replicate/ concentration were
transferred individually into clean glass vials
{2 X 7 cm) containing small piece of normal
diet. Vials were plugged with absorbent
cotton and incubated at the same
conditions. The acute toxicity of the tested
bioinsecticide was assessed after 2 days.
Latent or chronic toxicity was determined by
inspecting all the tubes for mortality after 7
days post treatment Percentages of
mortalites were corrected according to
Abbott's formula (Abbott, 1925). The data
were then subjected to probit analysis
(Finney, 1971) through software Computer
pregram to obtain the LCso and slope
values.

The latent effect of vertimec LCso
on P. gossypiella

Biochemical determination:

Newly hatched larvae were ailowed to
feed on artificial diet treated with the
vertimec LCso for 2 days and then
transferred to feed on untreated diet. Seven
days after treatment,half of the tested larvae
were collected, counted, weighted and
frozen (at —20°C) for biochemical analysis.
The other half of larvae was left to complete
their development at the same conditions.
Fourteen days after treatment, the survived
larvae were counted, weighted and frozen
(at ~20°C) for biochemical analysis. The
total larval bodies (7 and 14 days old) were
homogenized in distilled water using a
chilled glass-teflon tissue grinder for 3 min.
Homogenates were centrifuged at 3500 rpm
for 10 min at 5°C and the supernatants were
kept in deep-freezer till the biochemical
determinations. The optical densities (OD)
were read spectrophotometrically by
spectronic 1201 (Milton Roy Co., USA) and
centrifugation was carried out by a
refrigerated centrifuge (Gs-6r, Beckman,
USA).
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Total proteins were determined by the
method of Bradford (1976) and total lipids
were estimated by the method of Knight et
al. (1972). Total carbohydrates were
extracted as described by Crompton & Brit
(1967), and were determined in acid
extracts by the phenol suifuric acid reaction
(Dubois et al., 1956). Glucose was
estimated by the method of Barham &
Trinder (1972). Amylase (EC 3.2.1.1) activity
was estimated by the method of Ishaaya &
Swiriski (1976), while the protease activity
was determined by the casein digestion
method according to Brik et al. (1962).
Alanine transaminase (ALT, EC 2.6.1.2) apd
Aspartate transaminase (AST, EC 2.6.1.1)
activities were determined calorimetrically
according to the method of Reitman &
Frankel (1957). Acetyicholinesterase (AchE)
(EC 3.1.1.7) activity was measured
according to the method described by
Simpson et al. (1964) using acetyicholine
bromide (AchBr) as substrate.

Statistical analysis:

Toxicological data were statistically
calculated through a Proban program,
software computer program (Jedrychowski,
1991). The variability in response to the
tested materials was determined based on
LCso and slope value. Analysis of variance
(ANOVA) was conducted on all data using
Costat computer program software. Means
were compared by Duncan’s multiple range

test (Duncan, 1955).

RESULTS AND DISCUSSION
1-Insecticidal activity:

Egg stage:

Data presented in Table (1) indicated that
the egg hatchability rates of the studied
insect were decreased by increasing the
insecticide concentrations. The highest
hatchability percentages were observed
with 1- and 4-old day eggs resulting 91.32
and 91.33%, respectively at 1.25 ppm, while
it recorded 79.28 and 81.20%, respectively
at 10 ppm. Also, it could be noted that the
vertimec effect was lower in1-day than 4-old
day eggs where the LCsos) were 127 and
230 ppm, respectively.

Many authors reported that blockage of
insect embryonic development occurred
both when the avermectin was applied
directly to the egg stage soon after
oviposition or later (Mujica et al., 2000 and
Abo-El-Saad et al., 2013). Likewise, these
results make promising advantageous for
PBW control programs. So, when female
PBW would lay eggs on vertimec treated
plants, the contact effects on eggs would
inhibit embryonic development and therefore
stop new infestation. On contrast, (Kathuria
et al., 2000) reported that the abamectin has
no effect on the early stages of embryo
development.

Table (1): Insecticidal activity of vertimec against1- and 4-day old eggs of the pink

bollworm, P. gossyplella

Concentration o b o T - LCeo :
(ppm). % hatehability | (9504 confidence limits) | S'°PS * SE
1-day old
1.25 91.32
2.50 88.67 127
10.0 79.28
4-day old
125 91.33
2.50 88.93 230
5.00 85.64 (0.004 — 3921400) | 077 +028
10.0 81.20
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Larval stage:

Data (Table 2) showed that vertimec
exhibited potential effects against neonate
larvae. Results indicated that, the mortality
rates increased with the increase of the used
concentration and period after treatment
(Table 2). The corrected mortality
percentages after 2 days of treatment
ranged from 24.0 % by using the lowest
concentration (0.062 ppm) to 83.4 % by
using the highest concentration (4.0 ppm).
After 7 days of treatment, the corrected
mortality percentages ranged between
31.73-88.74%. Also, Table (2) summarized
LCso and slope value of vertimec tested
against the newly hatched larvae of PBW
after 2 and 7 days of treatment. The LCso =
0.5950 ppm (b= 1.0764) after two days of
treatment. Furthermore, seven days after
pesticide treatment these values decreased
to 0.3455 ppm (b= 1.0615). Regarding to the
cumulative mortality as deposited in Figure
(1) it could be noted that at all tested

concentrations, the highest percentage of
mortality occurred within the first two days
following treatment then the mortality
continued at difference rates among larvae
after they had transferred to feed on
untreated diet for another 5 days. At the
highest concentration (4.0 ppm), 83.40% of
these larvae died after 2 days and 5.34%
died within the later 5 days whereas the
corrected mortality percentage reached
88.74%, while at the iowest concentration
(0.062 ppm) it was 24.0 % after 2-days and
it increased to reach 31.73%. So, the
obtained resuits clearly indicate that
vertimec is toxic to PBW larvae as compared
to control. Vertimec has been reported to
possess excellent performance as spectrum
microbial insecticides both in field or
laboratory (Sheeba, 2010 and Ei-Naggar,
2013). The toxic activity of vertimec differed
according to the treated insects and the
application technique.

Table (2): Insecticidal activity of vertimec after 2 and 7 days following treatment Aagainst

the newly hatched larvae of pink bollworm, P. gossypielia.

Concentration 9% Corrected : LCso ‘ Slope
{(ppm) mortality (95% confidence limits) | + SE
2- days after treatment
0062 24.00
0125 31.73
0.250 41.4
‘ : o 0.5950 1.0764
0.500. - 52.62 (0.482-0.742) +0.0900
1.000- 64.03 ' ‘ -
2:000° _ 74.59
4:000 ‘ 83.40
7- days after treatment
0062 31.73
0:125 40.81
0250 .
2 » 51.34 0.3455 1.0615
9200 . 62.39 (0.1279 — 0.7418) +0.2260
1.000 : 72.85 ' ' .
2,000 : 81.81
4.000 88.74
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Fig (1): Cumulative mortality of F. gossypiellalarvae after
2- and 7-days of treatment with vertimec

2- Effect of vertimec on some

biochemical aspects of PBW:

2.1. Effects on main metabolites:

The main metabolites (total proteins, total
carbohydrates and total lipids) are major
biochemical components, which are
necessary for organism to develop, grow
and perform its vital activities. In the control
insects, it could be noted that the total
proteins and lipids contents increased with
the growing of larvae. Contrarily, up growth
causing decreased in the Ilevels of
carbohydrates and glucose. It could be due
to the conversion of carbohydrates to lipids
or protein because of that adult female
insect requires a lipid to fly and protein to
reproduction. Regarding to  vertimec
treatment, total lipids was the only
parameter that increased with larval growth
while the others were decreased (Table 3).

The obtained results also indicated that
the content of total proteins in 2™ |arval
instar significantly increased when farvae

were fed on diets confaining LCso of
vertimec (44.08 mg/g BW) than of control
(26.09 mg/g BW). These Ievels were
significantly above that of contro! by 68.95%.
These changes suggest a potentially
important role for post-ingestive
compensatory mechanisms in insects, such
as the secretion of more proteases
(Broadway & Duffey, 1986), or may be due
to certain effects on the enzymes that are
responsible for protein synthesis. On the
contrary, when the larvae reached the full-
grown, vertimec caused  significant
decreased in the total proteins content
(41.30 mg/g BW). This value was lower that
of control by 11.03%. This could be due to
that the proteins are among the most
important compounds of insects that bind
with foreign compounds (Ahmed & Forgash,
1976).

Feeding newly hatched larvae earlier on
diet treated with LCso concentration of
vertimec, significantly decreased the total
lipids concentration in 2™ instar larvae to
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53.74 mg/g BW,; ie. 12.20% below that
reported in control (61.21 mg/g BW) while in
the 4" instar, the means of total lipids was
increased significantly than control by
96.35%. These means were 498.23 &
253,74 mg/g BW, respectively (Table 3).

In addition, results in Table (3) reported
that vertimec didn't affect the mean total
carbohydrates content in 2™ instar larvae. In
contrary, this value in the 4% instar was
above control by 12.57%. The means were
8.65 & 5.57 mg/g BW for 2n & 4t instar of
control and 8.83 & 6.27 mg/g BW for 2 &
4th instar of vertimec, respectively.

As for glucose level, data showed’ that
vertimec decreased significantly the glucose
level in 2 instar larvae (3.76 mg/g BW)
below that of the control by 6.70%. On the

other hand, glucose level in 4% instar larvae
(3.43 mgl/g BW) was above that of the
control (3.25 mg/g BW) by 5.54% (Table 3).

2.2. Effects on the activity of
some vital enzymes:

The changes in biochemical composition
of treated larvae may be due to certain
effects on the enzymes that are responsible
for protein, lipid and carbohydrates
synthesis. In this respect, our results
indicated that the activity of the enzymes
(except protease) decreased with the
growing of control larvae. Almost the same
trend was achieved in the case of vertimec
treatment except for AchE which not differed
with larval growing (Table 4).

Table (3). Effect of LCso concentration of vertimec on certain total body contents (mg/g

BW) of 2" and 4" instar larvae of P. gossypiella

| Proteins : prnds : Carbo‘h:ydrates Glucose
Tregtment‘ Mean [Change| Mean. |Change| Mean |Change| Mean |Change
+8D %* +SD %. | +SD % | +SD %
2nd stage larvae
26.098® B81.2148 8.65A2 4,030
Cor | _— —_ — —
- Gontrol 4 203 +£4.02 £0.11 +0.007
oo 4408k 53,7440 8.83 3.7688
verimes | o3 | Y0895 | yaga | 1220 yoes | *208 | so002 | B7O
LSD
(reatmenty | 502 8.91 1.59 0.01
4% stage larvae
ool | 46:80% 253,748 5.5780 3.2580
LT w100 | T +2.98 T | 2002 | T | z0003 | T
o 41,308a 498.234 6.274 3.43%
(Nertimeery oo | O3 ho09 Y9838 4031 | Y1257 yo02 | 0S4
LSD
(weatment | 97 6.27 0.50 0.04
LSD
Control 3.63 8.24 0.17 0.01
Vertimec | 3.84 7.16 1.66 0.03

Means within columns with the same letter (s) are not significantly different at 5% level of probability.

- Capital letter treatment
- Small letter ages
* Change % = treatment — control / control x 100
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Table (4). Effect of LCso concentration of vertimec on certain enzyme activities* of 2" and
4" instar larvae of P. gossypiella.

Amylase Protease ALT AST AchE
Treatment | Mean | change| Mean 'Iéhénge | Mean |change| Mean {change| Mean - change
+SD | %™ | #SD | % | £SD |{ % | xSD | % +sD | %
2" instar larvae
. 0.6787« 0.46772 0.1928a 0.1308= 0.0978a
Controi _— — — —_— —
+0.031 1+ 0:040 +0.003 + 0.010 0.1
. 0.639% 0.59848 0.5244 0.24672 0.40044 -1—312.3%
Vertimec -5.75 +28.05 +172.92 +89.2
+ 0.090 + 0.074 +0.014 +0.015 + 0.044
LSD 0.152 . 0135 |? 0.023 0.029 0.071
4% instar larvae
Control 0.2298b. 0.42242 0.1307 0.080% 0.0758b
" £+0037 | ~ | x0051| ~ |xo0017| | +0003{ | +0.006 |
. 0.4637 0.370% 0.16240 0.0628 0.355 1373.33
Vertimec +102.18 -12.32 +23.08 -22.50
| £0.035 + 0.051 +0.017 + 0.001 +0.019
0.081 0.116 0.038 0.005 0.031
LSD
0.08 0.10 0.03 0.02 0.02
Control
) 0.15 0.14 0.04 0.02 0.08
Vertimec

Means within columns with same letter (s) are not significantly different from each other at 5% level of

probability.
- Capital letter treatment
- Small letter ages

* Enzyme activities are given as enzyme units as follows: Amylase unit; mg giucose/g BW, Protease unit;
OD/min/g BW, ALT unit; mg puryvate/min/g BW, AST unit; mg puryvate/min/g BW, AchE unit; mg

AchBr/min/g BW.
** Change % = treatment — control / control x 100

in case of 2™ instar, data in Table (4)
indicated that vertimec did not affect
amylase activity. The means of amylase
activity were 0.678 & 0.639 pg glucose/g
BW for control & vertimec, respectively. The
activity of amylase in untreated 4% instar
larvae decreased to 0.229 pg glucose/g BW.
Treatment with vertimec (0.463 g glucose/g
BW) caused significant increase in amylase
activity than control by 102.18%. Vertimec
did not cause significant variances in the
protease activity than control in both ages.
The means were 0.467 & 0.422 OD/min/g
BW for control and 0.598 & 0.370 OD/min/g
BW for vertimec, respectively.

The obtained results in Table (4) show

that vertimec treatment caused a significant
increase in the activity of ALT in 2 instar
larvae of PBW when treated as newly
hatched larvae with vertimec LCso. The
mean was 0.524 mg pyruvate/min/g BW and
it exceeded that of control (0.192 mg
pyruvate/min/g BW) by 172.92%.
Meanwhile, when larvae became older, data
showed that there is no significant difference
between control (0.130 mg pyruvate/min/g
BW) and vertimec treatment (0.162 mg
pyruvate/min/g BW).
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As for AST activity, treatment with
vertimec significantly elevated in the activity
of AST (0.246 mg puryvate/min/g BW) than
control (130.24 mg puryvate/min/g BW) by
89.23%. When larvae became older (full-
grown) the activity of AST decreased in case
of control (0.08 mg puryvate/min/g BW) and
the tested compound (0062 mg
puryvate/min/g BW). It could be noted that
vertimec caused significance decrease in
the level of AST below that of control by
22.5%.

Rizk  (1998) found that vertimgc
compound affected on the enzymes weakly
in total homogenates of P. gossypiella full-
grown larvae (-0.26 and —3%).

Generally, according to the results of this
study, and the study done in sequence by
Ahmed (2014) , vertimec proves to be an
effective bio-insecticide against
developmental stages of PBW and can be a
possible candidate to be applied on cotton
plants by the Ministry of Agriculture after
successful field experiments.

REFERENCES

Abbott, W.S. (1925). A method of computing
the effectiveness of an insecticide.
Journal of Economic Entomology. 18:
265-267.

Abd El-Hafez, Alia, A.G. Metwally and
M.R.A. Saleh (1982). Rearing pink
boliworm  Pectinophora gossypiella
(Saund.) on kidney bean diet in Egypt.
Res. Bull, Fac. Agric., Zagazig Univ.
576: 1-10.

Abo El-Ghar, G.E.S., H.S.A. Radwan, Z A.
El-Bermawy and LT.M. Zidan (1994).
Histopatholgoical effects of abamectin,
thuringiensin and diflubenzuron on the
midgut of Spodoptera littoralis
{Lepidoptera: Noctuidae) larvae. Bull
Ent. Soc. Egypt. 21: 41-52.

Abo-El-Saad, M.M., H.A. Elshafie and LA.
Bou-Khowh (2013). Toxicity of bio-

insecticide, Abamectin, on red palm
weevil,  Rhynchophorus  ferrugineus
(Olivier). International  Journal of

176

Agricultural Science Research. 2 (4):
107-115.

Ahmed, Dina, A. (2014). Effect of
VERTIMEC®, a micrcbial insecticide on
the pink bollworm, Pectinophora
gossypiella (Saunders). B- Biological
studies and life table parameters. (Under
publication).

Ahmed, S. and A.J. Forgash (1976). Non-
oxidative enzymes in the metabolism of
insecticides. Drug. Metabol. Rev. §: 141-
145, '

Barham, D. and P. Trinder (1972).
Determination of blood glucose using an
oxidase system with iron carcinogenci
chromogene. Analyst. 97: 142.

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

Brik, Y., |. Harpaz, |. Ishaaya and A. Bondi
(1962). Studies on the proteolytic activity
of the beetles Tenebrio and Tribolium. J.
Insect Physiol. 24: 699-705. '

Broadway, R.M. and S.S. Duiffey (1986).
Plant protease inhibitors: mechanism of
action and effect on the growth and
digestive physiology of larval Heliothis
zea and Spodoptera exigua. J. Insect
Physiol. 32: 827-833. ‘

Crompton, M. and L.M. Brit (1967). Changes
in the amounts of carbohydrates,
phosphogen and related compounds
during the metamorphosis of the blowfly,
Lucilia cuprina. J. Insect Physioli. 13:
1575-1592.

Dubois, M., K.A. Gilles, J.K. Hamilton, P.A.
Rebers and F. Smith (1956). Colorimetric
method for determination of sugars and
related substances. Anal. Chem. 28 (2}
350-356.

Duncan, D.B. (1955). Multiple range and
multiple F tests. Biometrics, 11: 1-41.
El-Naggar, Jehan, B.A. (2013). Sublethal
effect of certain insecticides on biclogical
and physiological aspects of Spodoptera
littoralis (Boisd.). Nat Sci.11 (7): 19-25.
Finney, D. J. (1971). Probit-analysis, 3rd
Ed., Cambridge University Press,

London.



Effect of vertimec®, a microbial insecticide on the pink bollworm,

Fritz, L.C., C.C. Wang and A. Gorio (1979).
Avermectin B1a irreversibly block post
synaptic potentials of the lobster
neuromuscular junction by reducing
muscle membrane resistance. Proc. Nat.
Acad. Sci., USA, 76: 2062-2066.

Ishaaya, | and E. Swinski (1976).
Trehalase, invertase and amylase
activities in the black scale Saissetia
oleae, and their relation to host
adaptability. J. Insect Physiol.- 16: 1025-
1029.

Jedrychowski, R.A. (1991). Broban software
program, version 1.1.

Kathuria, V., Ram and R.K. Saini (2000).
Susceptibility of Heliothis armigera
(Hubner) eggs to different insecticides. J.
Entomol. Res. 24: 213-217.

Knight, J.A., S. Anderson and J.M. Rawle
(1972). Chemical basis of the
sulfophospho-vanillin reaction for
estimating total serum lipids. Clin. Chem.
18; 199-202.

Mujica, N., M. Pravatiner and F. Cisneros
(2000). Effectiveness of abamectin and
plant-oil mixtures on eggs and larvae of
the leafminer fly, Liriomyza huidobrensis
Blanchard. CIP Program Report. 161-
166.

Putter, 1., J.G. Macconneil, F.A. Preisery,
A.A. Haidri, 8.8. Ristich and R.A. Dybas
(1981). Avermactins: Novel Insecticides,
acaricides and nematicides from a soil

AT7

microorganism. Experimentia. 37: 963-
964.

Reitman, S. and S. Frankel (1957). A
colorimetric method for the determination
of serum glutamic oxaloacetic and
glutamic pyruvic transaminases. Amer. J.
Clin. Pathol. 28: 56-63.

Rizk, S.M.T. (1998). Biochemical and
histochemical studies on effect of natural
products on some cotton pests. Ph. D.
Thesis, Fac. of Agric. Al-Azhar Univ.

Sheeba, Jasmine R. (2010). Field evaluation
of abamectin 1.9 EC against cotton
boliworms. Research Journal of
Agricultural Sciences. 1 (4): 396-403.

Simpson, D.R., D.L. Bull and D.A. Linquist
(1964). A semimicrotetechnique for
estimation of cholinesterase activity in
boll weevils. Ann. Ent. Soc. Amer. 57:
367-371.

Strong, L. and T.A. Brown (1987).
Avermectins in insect contro! and biology:
a review. Bull. Ent. Res. 77: 357-389.

White, S., D.M. Dunbar, R. Brown; B.
Cartwright, D. Cox, C. Eckel, R.K
Jansson, P.K Mookerge, J.A. Norton,
R.F. Peterson and V.R. Starnet (1997).
Emamectin benzoate: a novel avermectin
derivative for control of lepidopterous
pests in cotton. Proceedings of Beltwide
Cotton Conf., 1078-1082.



Ahmed, et al.,

Pectinophora gossypiella iJii il ;b 3493 o dlaipd ggad) aall il
AbaS g Apan ciluy

aaaf el ae Uas

5 — il ~ Lol il S50 — il B8, Casay gmn

_ ol paslall

Gl 8 Cingy calladl Jpa ol bl fpexi YT ppialt V) e saaly Adan il 50 830 aed
Cagshall cas Al M sapal ALGY jue kY aua e gl apall Apludly Bpandl el 8B L)
) Abayl Gyl paull gish aa Laipill (LCsp) el aladl S0 s o Cas Lleadl
oSl 1agd gpabiall eyt

Layf Jaagly clagipill (e aoiiid) €50 503 ae ranll (il A Gaidd Jaee 50l it bl
Cgall ¥ ara byl 3 g1 Gl peall Zpally Wl Auhall il gl gree DS e Ll gl
2y Ussdl (LCsp) haill alidl 5085l 0 il Cys Alaladll ay 3yilly padinall 85l saliy Lz
caslell g eja v TE00 (v od0 4 Nl e Gl jgicess

Gyaall il Aelaa 2y kil 5ol 5500 agblly AU el cullal ilue sl Alaiu¥) a8 Loay

RS chang S K i) R el gl s 8 el it Al S

5 ALT, AST aigdl Oiual)) dugall clepiyl Gian baladl Zalaayl o 5sSslally 450 iyl
(Dol nlsS Jian

lagipilly Alebedl dam B el @iy 4 cling,d JSU giadl gliiy) ) il olal
diad @l o all Jleg Alalaall Lo clapglll fo 8p8all (siine mitdl m 8 (Japully dulie ully,
Dlie Aaleadl @iyl 3 claulll grine aii)ly Uil oine (misil abll seall Cliyll Jguay
) s b AN o KU e ([ ) jead) sgiae o dlegilly Ualaall Jigi aly b L gy uSl
SsSslall (ssine lo lagiully dlebaali A Ty voy Sl Dl bl peal) Gl (5 gt 1
SN Ayjlie abll ppeall NS A 5eSlal) (gsina (B glaalill o a3 el Adid s B

Sl sad pea iy (Gafigdl lie Lag) Ledaldi (aliasl Jaagl a8 Aubal) Jae cilaiSl Ly L
Aol i Y Jpmagll lofiilly Aletaall ool LS cllelaadl jue lEpll Gy elldy bll jaadl Ll
C M) et e olgine i o Siany ol i Sapiad b€ diaa) Al i lae L

178



