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ABSTRACT

Comparative toxicity of four insecticides against the pink bollworm Pectinophora gossypiella (Saunders) as well as the
predacious insect, Chrysoperla carnea (Stephens) were evaluated under laboratory conditions. Field recommended
concentrations of the tested insecticides were used in this study. For P. gossypiella, the ovicidal action of the tested insecticides
revealed that the three days old eggs were more effective than the one day eggs with the exception of Dimilin treatment where
the one day old eggs showed slightly more susceptible than three days old eggs. Concerning one day old eggs, the highest
ovicidal activity was noticed in case of Dimilin treatment where the eggs hatchability exhibited 82.61% with reduction of 9.67%
compared with untreated eggs, whereas, Axon insecticide caused the highest ovicidal effect on three days old eggs where the
corresponding eggs hatchability recorded 77.33% with reduction of 16.07% compared with the untreated eggs. On the other hand
Spintor showed the least effect on one and three days old eggs. The corresponding eggs hatchability were 89.47 and 88.00% with
reduction rate of 2.17 and 4.49%, while the eggs hatchability rates in untreated eggs one and three days old were 91.45 and
92.14%; respectively. The same trend of the ovicidal activity associated to the exposure of one and three days old eggs of the
predatory insect to the tested insecticides. Whereas the ovicidal action was much remarkable higher in case of the predatory
insect eggs than the pink bollworm eggs. According the effect of tested insecticides on the pupal stage of the pink bollworm and
the predatory insect and their latent effect on the biotic potential of the two target organisms, Axon was the superior insecticide
against one and three days old pupae of the two targets. Followed by Dimilin against one and three days old pupae C. carnea.
Dimilin showed the highest latent effect on the pink bollworm male adult and lowest latent effect on the female adult resulted
from the two aged pupae. Spintor and Pasha caused lowest latent effect on C. carnea adult emergence. Axon and Dimilin showed

highest latent effect on both P. gossypiella and C. carnea egg hatchability.
Keywords: Pectinophora gossypiella, Chrysoperla carnea, toxicity, biology.

INTRODUCTION

The pink bollworm, Pectinophora gossypiella
(Saunders) (Lepidoptera: Gelechiidae) is considered to be
one ofthe most damaging cotton pests and a key pest and
an economically important pest in Africa. The history of
the pink bollworm in Egypt is tied to the production of
cotton. Willcocks (1916) first detected pink bollwormin
field plots during November-December 1910.

The green lacewing, Chrysoperlacarnea (Stephens)
(Neuroptera: Chrysopidae), is an important natural predator
of insect herbivores in many different crop and non-crop
habitats (Romeis et al., 2014). C. carnea is attacking pink
bollworm and seems to prefereggs and early instar larvae
(Orphanides et al. 1971). C. carnea is the most frequently
used control agent of pink bollworm.

Conventional insecticides have not provided a
long-term solution to the pink bollworm problem
(Henneberry, 1986).  Spinosad is derived from a
naturally occurring soil actinomycete bacterium,
Saccharopolyspora spinosa (Thompson et al., 1997)
and relatively safe on natural enemies and no significant
difference was recorded for the hatchability between
1&3 day old eggs of pink bollworm (Temerak 2003).
Application of chitin synthesis inhibitors have its effect
on several insect species (Grosscurt, 1978 and Khebeb
et al. 1997), diflubenzuron acts as a larvicide and also
has an ovicidal on contact with eggs. These compounds
interfere with cuticle secretion resulting in death at adult
emergence by failure in ecdysis and acts by preventing
the chitin biosynthesis (Soltani et al., 1996). Emamectin
benzoate is a semisynthetic avermectin insecticide
derived from the fermentation product avermectin Bl
(abamectin). Few studies have evaluated the effect of
insecticides on eggs and pupae of green lacewings,

which considered more tolerant to insecticides (Giolo et
al. 2009 and Rugno et al. 2015).

According to the importance of C. Carnea as a
biological control agent of P. gossypiella, the purpose of
this study was to evaluate the effect of insecticides
using recommended concentrations from four different
groups on P. gossypiellaand C. Carnea eggs and pupae.

MATERIALS AND METHODS

Insect rearing:

The pink bollworm Pectinophora gossypiella
(Lepidoptera: Gelechiidae) was reared in the Bollworms
Research  Department, Plant Protection Research
Institute, Dokki, Giza, Egypt for several generations on
modified artificial diet at 27+1°C and 75+5% R.H. as
described by Rashad and Ammar (1985).

Bioassay of different insecticides on eggs and pupae
of P. gossypiella and C. carnea

For the bioassays, the pupae and eggs of each P.
gossypiella and C. carnea were used in this study. Two
different ages ofeggs; oneand threedays old were sprayed
directly with the field recommended concentrations of the
insecticides used through the laboratory bioassays then
placed into glass jars and observed daily for the number of
hatched larvae in each treatment.

Insecticides used:

One and three days old of P. gossypiella and C.
carnea pupae were sprayed directly with the field
recommended concentrations of the tested insecticides
through laboratory bioassays. Each concentration
included three replicates. Control replicates were treated
with water. After direct spray of pupae one and three
days old of either P. gossypiella and C. carnea were
transferred to glass tubes then incubated at 26 + 1°C and
70 £5% RH and observed daily until emergence of the
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adult. The adults obtained in each treatment were
separated by sex, and 10 couples per treatment were
separated, and placed in cages to determine pre-
oviposition, oviposition and post-oviposition periods

Table (1): Insecticides data used in this study as follow:

and longevity of the females. Moths of P. gossypiella
were fed on 10% sugar solution and adults of C. carnea
were fed with a mixture of brewer’s yeast and honey.

Trade names Active ingredient

Chemical Groups

Recommended concentrations

Axon 5%EC
Spintor 24%SC
Dimilin 48%SC
Pasha 1.5%EC

Lambda cyhalothrin
Spinosad
Diflubenzuron
Emamectin_Benzoate

Pyrethroid 375ml/Fed.

actinomycete Saccharopolyspora spinosa 50cmVFed.
Chitin synthesis inhibitor 125cm/Fed
Avermectin 300cm/Fed

Four commercial insecticides were evaluated on both eggs and pupae of P. gossypiella and Chrysoperla carnea. All compounds were

tested using the field recommended concentrations.

Percentages of mortality were calculated and
corrected by Abbott's formula (1925).

RESULTS AND DISSCUSION

Results of the effect of the tested insecticides
using field recommended concentrations against one
and three days old of P. gossypiella eggs are presented
in Table (2). The reduction percentage in the

hatchability of one day old eggs was 2.17% when
treated with Spintor while it was 9.67% in case of
Dimilin treatment compared with control. On the other
hand, the egg hatchability percentage was 82.61% in
case of Dimilin treatment whereas, Spintor showed the
highest hatchability percentage with 89.47% compared
with control, in which was 91.45%.

Table (2): Ovicidal activity of four insecticides applied against P. gossypiella eggs.

Insecticides Rec. Conc. Eggs one day old ) Eggs _three days old )
ml/L. % Egg Hatchability % Reduction % Egg Hatchability % Reduction
Axon 5%EC 0.94 85.14 6.90 77.33 16.07
Spintor 24%SC 125 89.47 217 88.00 449
Dimilin 48%SC 0.3125 82.61 9.67 82.93 10.00
Pasha 1.5%EC 0.625 86.54 5.37 82.19 10.80
Control - 91.45 0.00 92.14 0.00
Concerning the effect of these insecticides used Results of treating the recommended

against the three days old of P. gossypiella eggs was as
follows; the reduction percentages in the eggs hatchability
were 16.07% for Axon treatment while, it was 4.49% in
case of Spintor treatment compared with control. Based on
the eggs hatchability percentages, of hatchability the
ovicidal action of the tested insecticides could be
descending as follows; 88.00, 82.93, 82.19 and 77.33%
respectively in Spintor, Dimilin, Pasha and Axon as
compared with 92.14% in control.  In this respect, El-
Barkey etal., (2009) stated that hexaflumuron had ovicidal
effects on P.gossypiella, an important lepidopteran pest of
cotton. In contrast with, Boiteau and Noronha (2007) they
found high toxicity on eggs of treated, Ostrinia nubilalis
with spinosad. In this field of study, Mohamed et al.,
(2011) indicated that hexaflumuron and spinosad with low
active ingredients and high mortality could be the best
choices for controlling the P. xylostella in the egg stage.

concentrations of the tested insecticides against one and
three days old of C. carnea eggs are illustrated in Table
(3). The reduction percentage in one day old egg
hatchability was 29.31% after treatment with Pasha,
while this value attained 88.37 % in case of Dimilin
treatment. According to egg hatchability percentage, it
was the lowest for Dimilin treatment, which being 11.63
% while, it was 70.69% for Pasha treatment compared
with 100 % in control.

Regarding to the ovicidal action of the four tested
toxicants against three days old eggs of C. carnea
reduction percentages in egg hatchability were 63.46%
for Axon treatment, whereas, it was 9.1 % in case Pasha
treatment. As shown in Table (3) the hatchability was
the highest in Pasha by which being 90.9%.

Table (3): Ovicidal activity of four insecticides applied against C. carnea eggs.

Insecticides Rec. Eggs one day old Eggs three days old

Conc. ml/L. % Egg Hatchability % Reduction % Egg Hatchability % Reduction
Axon 5%EC 0.94 4285 57.15 36.54 63.46
Spintor 24%SC 1.25 59.52 4048 88.88 11.12
Dimilin 48%SC 0.3125 11.63 88.37 70.00 30.00
Pasha 1.5%EC 0.625 70.69 29.31 90.9 9.10
Control - 100 0.00 100 0.00

In this respect, some researchers evaluated the
effect of different types of insecticides on this predator
under laboratory conditions. The results are going on
line with those published by Ferreira et al., (2005) they
found that tebufenozide, emamectin benzoate and
spinosad were harmless to Chrysoperla externa eggs.
The obtained results are accordance with those of,
Rugno et al., (2015) revealed that Esfenvalerate, was
harmless to Ceraeochrysa cubana (Hagen) eggs. In this

field of study, Bueno and Freitas (2004) showed that
abamectin is innocuous and that lufenurom s toxic to C.
externa eggs.

Data associated to the toxicity and latent effect of
the tested compounds against one day old treated pupae
of P. gossypiella are presented in (Table 4). Results
showed that Axon caused 46.7 % pupal mortality and
20% and 26.67% resulted adult in male and female
emergence; respectively. % eggs hatchability was the
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lowest for Dimilin treatment which was 36.28%
followed by Axon which being 47.37% compared with
98.86% in control. Insecticide exposure did not affect
the longevity of adults. Shortest male longevity 17.50

2016

days was noticed in Pasha treatment and female
longevity was 17.75 days was recorded in Axon
treatment, compared with 1814 and 19.50 days
untreated males and females; respectively.

Table (4): Biotec potential of P. gossypiella resulted from treating one day old pupae with four insecticides

Insecticides % PUp.aI EZ:SZL;:; . OVIpOSTtlonil?erlod Post- Incybation %Egg . Longevity: SE
Mortality @ o Pre-oviposition  Oviposition oviposition period+ SE Hatchability g o
Axon 46.7 20.00 26.67 45 15 55 5.007£1.45 4737 19.337+1.16 17.75°x1.68
Spintor 0 5333 46,67 5.33 8.0 7.33 5.12%+1.21 50.00 18.25°+1.76  19.14°+1.16
Dimilin 0 1333 7333 7.0 1.0 7.33 5.00°+2.03 36.28 17.50°42.32  18.80°+1.42
Pasha 0 26.67 7333 5.0 8.0 8.33 456"+1.18 66.34 17.50°40.76  18.50°+1.88
Control 0 46.67 53.33 3.0 12 26 4.26°+1.39 98.86 18.14°+1.16  19.50°+1.74
LSD 0.22 0.30 0.42

Table (5): Biotec potential of P. gossypiella resulted from treating three day old pupae with four insecticides

I . % Pupal YoAdults Oviposition period Incubation % Egg Longevity + SE
nsecticides ) Emergence L L Post- . b

Mortality 3 0 Pre-oviposition  Oviposition oviposition period+ SE Hatchability g 0
Axon 26.67 46.67 2667 55 1.0 75 5.00°+1.15 3478 13.71°%120 16.00°+1.15
Spintor 0.00 4000 60.00 43 6.0 9.0 4.88°+1.13 80.00 15.20°+1.13  15.5°+1.30
Dimilin 6.70 3333 66.67 5.0 57 7.0 5.12°+1.48 4755 13.33%+1.16  15.33%+1.73
Pasha 0.00 5333  46.67 4.0 9.3 6.0 4.49°+1.74 51.30 15.0°+1.15  15.71°%1.29
Control 0.00 46.67 5333 3 10 24 4.37°+1.78 97.29 18.30°+1.06  18.50°+1.45
LSD 0.21 0.29 0.33

Data of treated three days old of P. gossypiella
pupae are presented in Table (5). Percentages of pupal
mortality were 26.67 for Axon treatment with adult
emergence percentages of 46.67% male and 26.67%
female while, pupal mortality was 6.70% for Dimilin
treatment with adult male emergence percentage of
33.33% and 66.67% of female.

Percentage of eggs hatchability was the highest
for Spintor treatment by 80.00% and the lowest one was
34.78% for Axon treatment compared with 97.29% in
control.

1 2 3

Adult male longevity was 13.71 and 13.33 days
for Axon and Dimilin treatments; respectively compared
with 18.30 days in control, whereas, female longevity
was almost equal in Spintor and Pasha treatments,
which recorded 155 and 15.71 days; respectively
compared with 18.50 days in control.

Results presents in Figure (1) showed that the
deformation of pupae after treatment with insecticides
using field recommended concentration.

4 5

Fig. (1): Normal and deformed P. gossypiella pupae after exposure to insecticides.

1: Normal pupa
3 Adult resulted from Dimilin treatment of one dayold pupae.
5:Normal adult.

2: Pupa resulted from Axon treatment of one day old pupae.
4: Adult resulted from Dimilin treatment of three day old pupae.

Table (6): Biotec potential of C. carnea resulted from treating one day old pupae with four insecticides

% Adults

Oviposition period

- % Pupal Incubation %Egg Longevityx SE

Insecticides Mortality ?mergen;e ovi pF()Jrsei-ti on Oviposition ovi ggssitt-ion period+ SE Hatchability g °

Axon 6667 200 133 - - - - . - -
Spintor 0.0 60.0 40.0 7.0 8.0 12.00 4.84°+1.25 63.24 13.7°£1.27 215%+1.26

Dimilin 60.0 400 00 - - - - - - -
Pasha 00 400 600 50 120 11.33 559°+1.03 7971 1833094 19.11%+1.16
Control 0.0 46.67 53.3 6.0 15.0 14.00 472°+1.14 94.65 16.63°+1.34  17.71°+1.30

LSD 032 059 067
Few authors investigated the effect of toxic against the egg and pupal stages of Palpita

insecticides on pupal stage; Pineda et al., (2004) found
that methoxyfenozide caused pupal mortality and
deformed adults of S. littoralis. Also, Sammour et al.,
(2008) investigated that treatment of leufenuron on S.
littoralis decrease the adult emergence, reduction in
longevity and egg hatchability. Moreover, Mahmoud
(2014) found that Mectin followed by Radiant were

unionalis and caused the highest impacts on adult
emergence and malformed adults percentages.

Data presented in Table (6) showed the toxicity
and latent effect of four insecticides applied against one
day old of C. carnea pupae. Percentages of pupal
mortality were 66.67 and 60.0% for Axon and Dimilin
treatments with adult emergence percentages 20.00%
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adult male and 13.3% female emergence while, it was
40.00% for male adult emergence for Dimilin treatment.
Percentage of eggs hatchability were 63.24 and 79.71%
for Spintor and Pasha treatments; respectively compared
with 94.65% in control.

Adult male longevity was 13.7 and 18.33 days for
Spintorand Pasha treatments; respectively compared with
16.63 days in control, whereas, female longevity reached
215 and 19.11 days in Spintor and Pasha treatments;
respectively compared with 17.71 days in control.

Results of three days old treated C. carnea
pupae with the tested toxicants are presented in Table
(7). Treated pupae with Axon caused 86.67 % pupal

mortality and the adult emergence was 13.33% male
only. Eggs hatchability was 87.18 and 80.82% after
treatment with Spintor and Pasha compared with
92.73% in control. For Spintor and Pasha treatments;
male longevity recorded 17.00 and 20.00 days and
female longevity exhibited 19.00 and 18.00 days
compared with untreated male and female which they
were 22.00 and 21.3 days. Figure (2) illustrated adults
photos after treating the pupae with each insecticide
using the recommended concentration and clarified
deformation of emerged adults resulted from the
treatments.

Table (7): Biotec potential of C. carnea resulted from treating one day old pupae with four insecticides

Insecticides % Pupal ;ﬁﬁl%uelrfze Pre Cposttion periad Post: Incubation %Egg Longevity: SE

Mortality g o oviposition Oviposition oviposition period+ SE Hatchability g o
Axon 86.67 13.33 0.0 - - - - - 8.00+2.60 -
Spintor 40.0 2667 33.33 8.0 10.0 12.67 6.29°+1.16 87.18 17.00°4+2.65 19.00°+1.20
Dimilin 73.33 26.67 0.0 - - - - - 9.00%2.60 -
Pasha 0.0 60.0 40.0 5.0 15.0 13.33 6.58%+1.44 80.82 20.00°+3.76  18.00°+1.53
Control 0.0 53.33 46.67 5.0 17.0 14.00 467°£1.18 92.73 22.00%+2.40 21.3%+2.31
LSD 0.16 1.63 0.20

¢ >
7 7
. 5

J

Fig. (2): Normal and malformed adults after expose C. Carnica pupae to insecticides

1: Normal adult
3 Adult resulted from Spintor treatment of one day old pupae.

In this field of study, Medina et al. (2001) found
that spinosad and tebufenozide are not toxic against eggs
and pupae of the predator C. carnea. And, Rugno et al.
(2015) evaluated the tolerance of C. cubana 48 hours old
pupae to insecticides. All types of insecticides were
considered harmless whenapplied at the pupal stage. Khan
et al. (2015) showed that, emamectin benzoate has
moderate effect against egg and pupa of C. carnea, they
caused 50% and 45% mortality; respectively followed by
spinosad 525% and 85% mortality respectively.
Shankarganesh et al. (2016) evaluated the field
recommended doses of synthetic pyrethroids, cypermethrin
and bifenthrin, were highly toxic to the pupae of C.
zastrowi sillemi.

CONCLUSION

It could be concluded that Dimilin was the
most toxic compound against one day old eggs in both
P. gossypiella and C. carnea, while, Axon was most
toxicity to three days old eggs and pupae in both prey
and the predator, but the most least harmfull insecticde
to C. carnea was Pasha.

REFERANCES

Abbott, W. S. A. (1925). Method for computing the
effectiveness ofaninsecticide. J. Econ. Entomol. 18:
265.

2, 4: Adult resulted from Dimilin treatment of one dayold pupae.
5: Adult resulted from Dimilin treatment of three day old pupae.

Boiteau, G. and Noronha, C. (2007). Topical, residual and
ovicidal contact toxicity of three reduced-risk
insecticides againstthe European corn borer, Ostrinia
nubilalis (Lepidoptera: Crambidae), on potato. Pest
Management Science 63:1230-1238.

Bueno, A.F.andFreitas, S. (2004). Effect of the insecticides
abamectin and lufenuron on eggs and larvae of
Chrysoperla externa under laboratory conditions.
BioControl. 49:277-283.

El-Barkey, N.M., A.E. Amer, and M.A. Kandeel. 2009.
Ovicidalactivity and biological effects of radiantand
hexaflumuron against eggs of pink bollworm,
Pectinophora gossypiella (Saunders) (Lepidoptera:
Gelechiidae). Egyptian Academic Journal of
Biological Sciences 2:23-36.

Ferreira, A.J.; Carvalho, GA.; Marcos Botton, M.
Mendonga, L.A.; Corréa, A.R.B. (2005). Selectivity
of insecticides used in apple orchards to eggs of
Chrysoperla externa (Hagen, 1861) (Neuroptera:
Chrysopidae). Ciéncia Rural, Santa Maria. 35(4):
p.756-762.

Giolo, F. P.; Medina, P.; Grutzmacher, A. E. and Vin"uela, E.
(2009). Effects of pesticides commonly used in peach
orchards in Brazil on predatory lacewing Chrysoperla
carneaunder laboratory conditions. BioControl 54:
625-635.

Grosscurt, A.C. (1978). Diflubenzuron: some aspects of its
ovicidal and larvicidal mode of action and an
evaluation of its practical possibilities. Pest. Sci.
9:373-386.

394



J. Plant Prot. and Path., Mansoura Univ., Vol.7(6), June, 2016

Henneberry, T.J. (1986). Pink bollworm management in cotton
in the southwestern United States. U.S. Dep. Agric.
Agric. Res. Serv. ARS-51. 45pp.

Khan, S. Z.; Ullah, F.; Khan, S.; Khan, M.A. and Khan, M .A.
(2015). Residual effect of insecticides against different
stages of green lacewing, Chrysoperla Carnea
(Neuroptera: Chrysopidae). Journal of Entomology and
Zoology Studies 3(4): 114-119.

Khebeb M. H.; Delachambre J. and Soltani, N. (1997). Ingested
diflubenzuron disturbed the lipidic metabolism during
the sexual maturation of meal worms. Pestic. Biochem.
Phys. 58: 209-217.

Mahmoud F. M. (2014). Efficacy of eco-smart insecticides against
certain biological stages of jasmine moth, Palpitaunionalis
Hb. (Lepidoptera: Pyralidae). Pestic. Phytomed. (Belgrade).
29(1):55-65.

Medina, P.F.; Budia, L.T.; Smagghe, G. and Vin“uela, V. (2001).
Compatibility ~ of  Spinosad,Tebufenozide and
Azadirachtin with eggs and pupae of the predator

Chrysoperla carnea (Stephens)under laboratory
conditions. Biocontrol Science and Technology. 11:597-
610.

Mohammad, M. V.; Aziz S. G. and Habib, A. (2011). Ovicidal
effect of some insecticides on the diamondback moth,
Plutella xylostella (L.) (Lepidoptera: Yponomeutidae).
Chilean J. Agric. Res. 71(2):226-230.

Orphanides, G. M., D. Gonzalez & B. R. Bartlett. (1971).
Identification and evaluation of pink bollworm predators
in southern California. J. Econ. Entomol. 64: 421-424.

Pineda, S.; Budia, F.; Schneider, M1.; Gobbi, A.; Vifiuela, E.;
Valle, J. and Del Estal P. (2004). Effects of two
biorational insecticides, spinosad and methoxyfenozide,
on Spodoptera littoralis (Lepidoptera: Noctuidae) under
laboratory conditions. J. Econ Entomol. 97(6):1906-11.

Rashad, A. M. and E. D. Ammar (1985). Mass rearing of the
spiny bollworm, E. insulana (Boisd.) on semi-artificial
diet. Bull. Ent. Soc. Egypt, Eco. Ser. 65: 239-244.

Romeis, J.; Meissle, M .; Alvarez-Alfageme F.; Bigler, F.; Bohan,
DA.; Devos, Y.; Malone, LA.; Pons, X. and Rauschen,
S. (2014). Potential use of an arthropod database to
support the non-target risk assessment and monitoring of
transgenic plants. Transgenic Res. 23(6):995-1013.

Rugno, G.R.; Zanardi, O.Z. and Yamamoto, P.T. (2015). Are the
Pupae and Eggs of the Lacewing Ceraeochrysa cubana
(Neuroptera: Chrysopidae) Tolerant to Insecticides? J.
Econ. Entomol. (2):1-10.

Sammour, E. A.; Kandil, M. A. and Abdel-Aziz, N. F. (2008).
The reproductive potential and Fate of chlorfluazuron
and leufenuon against cotton leafworm, Spodoptera
littoralis (Boisd). American- Eurasian J. Agric&
Environ. Sci., 4 (1) 62-67.

Shankarganesh, K.; Naveen, N. C. and Bishwajeet, P. (2016).
Effect of Insecticides on Different Stages of Predatory
Green Lacewing, Chrysoperla zastrowi sillemi (Esben.
Petersen). Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci.
DOI 10.1007/s40011-016-0719-x.

Soltani, N.; Soltani, M. N. and Delachambre, J. (1996).
Evaluation of triflumuron, a benzoylphenyl urea
derivative, on Tenebrio molitor pupae: effect on cuticle.
J. Appl. Entomol. 120: 627-629.

Temerak, S. A. (2003). Negative cross resistance to spinosad: an
interestingobservation in the field population of cotton
leafworm larvae, Spodoptera littoralis in Egypt.
Resistant Pest M anagement, 13(1):7-10.

Thompson, G. D.; Michel, K.H.; Yao, R.C.; Mynderse, J. S,;
Mosbury, C. T.; Worden, T. V.; Chio, E. H.; Sparks, T.
C. and Hutchins, S. H. (1997). The discovery of
Saccharopolyspora spinos and a new class of insect
control product. Down to Earth 25(1):1-5.

Willcocks, F. C. (1916).The Insect and Related Pests of Egypt.
Vol. I. The Insect and Related Pests Injurious to the
Cotton Plant. Part 1. The Pink Bollworm. Sultanic
Agric. Soc., Cairo. 339 p.

Oall dudl g ptial) (pu ikall g Alas A1 el 598 Mua Ay phiad) cilausal) (any A A e

saa e biad) ¢ Bl de) 3 Egand) S e cclill 44 g & gan gaa
8 Alaxall Cag L) o el a5 il G yitall A ALY A 3 55l 80 g0 dda Ay pdia Cilagse ) Ay A lie el

oan o anl) e claall Jad jedal das jall 5l 5 sal dailly 5 el Cilagall s Ly o gall ) 38 51 aladind o5 Al jall 238
e g oo Abih dudia Helil a g e Ay Cus Glienl) Aalae slidy 38l 0 g gee an e 1S Y OIS HLT ABE e
ORI %AY T () (i Jaea eda) Lty anll aeS 1 oY) S Cplanall Alelae o sae G Glai Wb ol 450
s Jare Cum ol A jee (ap Alalea die (anll eS| 8 1Y) S ¢ 50SY) dne o 8 cdalrall e (anlly & 5lEa 9641V
s ae panll o 1l B stan S (LAl £al e Jalaall e (el 6 jlae 9401, 0V zlaaily 06V YT Ja Jidall (el
Jalaa padl (anll (padh Jane Lady o Il e 0% €9 5 Y)Y (aldad) Janas %6 AM v+ 5 A £V Jlaal) i) Jana (1S5 ol 4Dl
e G g b el panll e el dpau g olad¥) uds il @ pelal (Nl e AYVE 5 A) 20 S AU EDlg ag jec
835) Auw il Gian Ce (el ) s iiall Gan Alls 3180 ST S () e anall Jad Laiy 5 il el il oL 2305 0 50
liSll o aliall la iy el o g 2085 30 55 sasa) o) )3ed) sk e b il 4y pdald) clapall HEE e dely | (i 3l 5l
adly pall a5 A 30 55018 50 (g IS AL A5 00 jee (5120 olat |l e () 5uSY) e (S dldagiuall BN o JSI Ay gl
Al @l sl 53 gal ALl 5 el <3 e 1 jalie |l el cplienl) jedal | all aud (s yiial all 225 2 51 ee 5 )l3e olad Cplsaall
Al 3 il 553 e ) jakie |l 8 Lily ) stas same 631 1) e Gl 0 yand) DST YT e ) jalia ) s 8
GEA Sl s ge IS Gl a8 A e Al L el Cpbelly GaSY) ame Leldl el Al

ol Al g3

395


http://www.ncbi.nlm.nih.gov/pubmed/?term=Pineda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Budia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gobbi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vi%C3%B1uela%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valle%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Del%20Estal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15666743
http://www.ncbi.nlm.nih.gov/pubmed/15666743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meissle%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alvarez-Alfageme%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bigler%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bohan%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bohan%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Devos%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malone%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pons%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rauschen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24633599
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rauschen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24633599

