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ABSTRACT 

 
The effect of Metarhizium anisopliae var. acridum, anti-feedant agent 

(azadirachtin), anti-molting agent (Flufenoxuron), Juvenile hormone analogue 
compound (pyripoxyfen) and Chloropyrifos (two formulations) was evaluated under 
field conditions of Shark El-Uwainat area against the nymphal instars 3

rd
, 4

th
 and 5

th
 of 

Locusta migratoria migratorioides. The obtained results revealed that the integration 
between M. anisopliae and 20% of the recommended dose of all the compounds 
exhibited the highest integral action, recording 100% population reduction after (11-
13days) of application. On the other hand, the fungus alone induced moderate 
percentages of population reduction after 10 days of treatment.  

Also, on comparing the dose and half the dose of the fungus the full dose 
gave approximately the same trend of activity. Green muscle (M. anisopliae), anti-
feedant agent, anti-molting agent and juvenile hormone analogues compound can be 
useful for proposed different elements of an IPM strategy.  
 

INTRODUCTION 
 

The locusts, Schistocerca gregaria and Locusta migratoria 
migratorioides are considered the most economic important pests in Shark 
El-Uwainat area in the Western desert of Egypt. The existing control methods 
against these pests still rely on chemical insecticides which are not always 
appropriate. Looking for an alternative favorable and environmentally 
acceptable control methods against these pests, Prior and Greathed (1989) 
stated that the use of pathogens may offer this safety control measures, 
Goettel, et al. (1995) added that hyphomycete fungi are not pathogenic to 
non target organisms. The Deuteromycete pathogenic fungus, M. anisopliae 
promise to be a biocontrol agent against locust (Lomer,1997) and (Arthurs& 
Thomas, 2000). M. anisopliae caused a reduction in the feeding activity and 
induced a significant mortality percentage in the nymphal instars of locust 
(Arthurs and Thomas, 2000) 

According to Abdel-Fattah (2005) the  sub-lethal doses of 
insecticides are not toxic to the fungus M. anisopliae var. acridum Isolate IMI 
330189 and did not inhibit its effect on locust S. gregaria. Fungus M. 
anisopliae var. acridum approved to be a specific bio-pesticide for controlling 
Acrididae pests but it seems to be slow acting as a bio-agent unlike chemical 
pesticides (Hosny, et al., 2009). The integration between M. anisopliae and 
25% of the recommended dose of Chlorfluazurone (Atabrone 5%) exhibited 
the highest integrated action, recording 60% population reduction after 
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10days of application and 100% after 19days post treatment to nymphal 
instars 3

rd
, 4

th
 and 5

th
 of the berseem grasshopper, Euprepocnemis plorans 

plorans (Abdel-Fattah, et al., 2012). The present study deals with the 
investigation of the most potent integrated action of M. anisopliae var. 
acridum, an anti-feedant agent, azadirachtin, an anti-molting compound, 
cascade 10% E.C., juvenile hormone analogues compound, Admiral 10% 
E.C. and Chloropyrifos (two formulations) against the African locust, L. 
migratoria migratorioides in Shark El-Uwainat area in the Western desert of 
Egypt.  
 

MATERIALS AND METHODS 
 

Ecological surveys were carried out in summer (season 2010) to 
evaluate the major insect pest of Acrididae prevailing in Shark El-Uwainat 
area. The results indicated that, the African locust, Locusta migratoria 
migratorioides was the most important insect pest in this area especially, on 
clover, maize and cereal crops. The prevailing other Acrididae were, S. 
gregaria, Heteracris annulosa and Acrotylus insubricus. Thus the African 
locust was chosen to evaluate the most potent integrated action of the 
proposed chemicals and the microbial pathogen during the summer season 
of 2010.  
Pathogen and tested chemicals: 
1- Fungus (green muscle) was used at 2 rates of application 25g and 50g/ha. 
2- The anti-feeding agent used was Neem RAJ 90% E.C. produced by 

Northern Minerals LTd., India. It was used by rate 1 L/ Feddan. 
3- The anti-molting agent used was cascade (Tufenoxuron) 10% E.C. by rate 

1 L./ Feddan. 
4- Juvenile hormone analogue compound, Admiral (Pyriproxyfine) 10% E.C. 

by rate 1 L/ Feedan 
5- Chloropyrifos (pestban 48% E.C.) 1 L/ ha. 
6- Chloropyrifos (45% U.L.V.) 1/2L/ha. 
Experimental design: 

The experimental field (heavily infested with 3
rd

, 4
th
 and 5

th
 nymphal 

instar of L. migratoria migratorioides more than 20 nymphs/m
2
) was divided 

into plots of  about, (35 x 20) = 700m2 with a wide belt of 10 x 25 = 250 m
2
 to 

prevent immigration of treated nymphs to other plots and avoid the drift of 
spray. Plots laying up wind of treatments were used for the control and 
sprayed with water, sunflower oil and diesel oil as carrier. 20% dose of one 
treatment was prepared in a sprayer and half the dose of the fungus also 
prepared in another sparyer. Firstly, the 20% of the dose of a treatment was 
sprayed on the plot and after finishing, immediately, half the dose of the 
fungus was sprayed on the same plot. This was repeated with the complete 
dose of the fungus. This technique was carried out according to El-Gammal 
et al. (2004). Each treatment was represented with five replicates of cages 
(0.5 x 0.5 x 0.5 m)  each. The insects were collected randomly from each 
treatment directly after application by using sweep net and placed in the 
cages. The cages were maintained on the area of treatment under the field 
conditions and provided with treated plants for the treated insects. Daily each 
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cage conformed so nymphs. Mortality counts were recorded daily until the 
20

th
 day post treatment. The insects were considered dead when they were 

unable to right themselves after being turned upside down. Insects that died 
during the bioassay were washed by water, sterilized by using ethanol 70% 
and placed in Petri-dishes on damp tissue paper. Dead locusts due to the 
pathogen were recorded only if the entomopathogen developed on the 
cadavers. 
Application equipment: 
- Sprayer: the ULVA+ 
- Nozzle: Red nozzle was used in all treatments and calibrated 90 ml              
  water/min and 60 ml diesel oil/min. 
 - spraying height: 0.5 m above the plants 
- Walking speed: 40m / min. = 2.4 km/ hr. 
- Swath width: 3m according to wind velocity 
- Wind: 4-6 m/sec. measured by (anemometery) 
- Humidity (RH): 50-60 % measured by psychrometer. 
- Temperature: was 35± 2 ºC 
- The sun rose: clearly 
- The spraying was done between 8 and 11 am in the morning 
Assessments: 

In the cages, routine work was carried out daily includes removing 
the previous uneaten food, faeces, dead nymphs and counting the living 
insects before introducing the fresh food. Mortality data were summarized as 
estimates of the median lethal time (MLT). 

Data were analyzed using general linear model procedures (SAS, 
1995). 

 

RESULTS AND DISCUSSION 
 

The effectiveness of the fungus Metarhizium anisopliae var. acridum, 
the anti-feeding agent, azadirachtin, the anti-molting compound, cascade 
10% E.C., juvenile hormone analogue compound, Admiral 10% E.C. and 
Chloropyrifos(two formulations) was evaluated under field conditions: against 
3

rd
, 4

th
 and 5

th
 nymphal instars of African locust, L. migratoria migratorioides. 

Mortality data were summarized as estimates of the median lethal time 
(MLT), which was calculated as a number of days to achieve an accumulated 
50% mortality using a linear interpolation of corrected daily mortalities. 

As show in Table (1) the obtained data indicates that mortalities of 
the African locust nymphs occurred after 4 days of treatment with the fungus, 
M. anisopliae var. acridum alone. These mortalities percentages were 10 and 
8 after 5days, 50 and 42 after 10 days, 88 , 80 after 15 days and 98, 95 after 
20 days to 50g/ha. and 25g/ha, respectively. In treatments of anti-feeding 
agent alone mortalities appeared after 2 days. These mortality percentages 
were 25 after 5 days, 65 after 10 days and 99 after 19 days. The treatment of 
Flufenoxuron spray alone, mortality percentages were 30, 54, 75 and 95 after 
5, 10, 15 and 20 days, respectively. Mortality percentages of pyripoxyfen 
alone were 30, 56, 78and 97 after 5, 10, 15 and 20 days, respectively. While 
mortality percentages were 100, 100 and 99 after 5days to pestban, 
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Chloropyrifos +diesel oil and Chloropyrifos + sunflower oil respectively. 
Abdel-Fattah (2005) showed that the use of the fungus, M. anisopliae var. 
acridum alone for controlling the desert locust, S. gregaria in the field, caused 
a mortality percentage of 98.8% after 16 days. Gesraha (2007) revealed that 
commercially formulated entomopathogenic fungi, Bioranza (Metarhizium 
anisopliae) and Biovar (Beauveria bassiana) were evaluated against the 
desert locust, S. gregaria.  

 
Table (1): Effect of the fungus, Metarhizium anisopliae var. acridum and 

some affecting treatments against nymphs of the African 
locust, L. migratoria migratorioides in the field.  

 
          days 

 
Treat. 

 

Cumulative mortality percentages after the indicated post treatment 
periods (in days) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Total 
Kill% 

 Water only 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Sun flower oil 
only 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Diesel oil only 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Fungus 
50g/ha. 

0 0 0 5 10 25 35 40 45 50 60 70 80 85 88 90 92 95 96 98 98 98  

Fungus 
25g/ha. 

0 0 0 4 8 20 30 35 39 42 50 55 60 70 80 85 90 90 93 95 95 96  

Anti-feeding 
agent 

0 2 10 20 25 30 40 50 60 65 65 70 75 80 85 90 95 98 99 99 99 99  

cascade 3 12 16 20 30 35 40 45 50 54 60 66 68 70 75 80 86 90 95 95 95 95  

Admiral 4 10 15 21 30 36 42 46 52 56 62 67 70 72 78 82 87 92 96 97 97 97  

pestban 80 85 95 99 100                   

Chloropyrifos + 
diesel 

90 95 99 100                    

Chloropyrifos + 
sunflower oil 

88 94 98 99 100                   

 
Results clarified that M. anisopliae induced significant higher rapid 

effects than B. bassiana on the pest. More than 95% mortality was achieved 
after 10, 12 and 18 days for M. anisopliae and after 10, 18 and 22 days for B. 
bassiana at 4, 2 and 1g/L concentrations, respectively. Hosny, et al. (2009) 
investigated that at field application rates, 50g/ha. Dose (diluted in diesel oil) 
of M. anisopliae var. acridum resulted in an optimal mortality of locusts and 
grasshoppers in the cages during 21 days, followed by 50g/ha. dose diluted 
in vegetable oil. Al-Fifi (2009) tested various Neem products against resting 
and flying S. gregaria the treatment during flight activity caused, for all 
products applied an increase of the mortality rate, except the Neem oil 
enriched and pure Neem oil of Giessen, up to 70 and 90% respectively. 
Ghazawy, et al. (2010) concluded that after suitable field trials, the use of 
azadirachtin may be a viable alternative to chemical insecticides for control of 
grasshoppers in Egypt.  Abdel-Fattah, et al. (2012) revealed that the fungus 
M. anisopliae var. acridum treatment was more effective than Chlorfluazurone 
and Nosema locustae when tested separately against the nymphal instars 
3

rd
, 4

th
 and 5

th
 of the berseem grasshopper, E. plorans plorans. Also, the 

fungus alone induced moderate percentages of reduction in the population of 
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this pest after 11 days post treatment. Chlorfluazurone spray was more 
potent than Chlorfluazurone bait. 

Data presented in Table (2) illustrate, the integral action of the tested 
agent (fungus 25g /ha. and 20% of the recommended dose of anti-feeding 
agent, Flufenoxuron, pyripoxyfen, pestban and Chloropyrifos. The mortality 
percentages of African locust nymphs caused by the fungus with 20% of anti-
feeding agent were 20, 80 and 100% after 5, 10 and 13 days of application. 
El-Gammal, et al. (2004) investigated the integral action of M. flavoviride, 
anti-molting (consult) and anti-feeding agent (Azadirachtin) in a field of shark 
el-Uwainat area against the last instar nymphs of L. migratoria migratorioides. 
They found that, the integration between fungus and the recommended dose 
of consult (37.8 g.a.i./fed.) was the most effective treatment inducing 67.2% 
population reduction after 5 days of application and 96.8% after 15 days. The 
mortality percentages caused by fungus with 20% of the recommended dose 
of Flufenoxuron and pyripoxyfen were (15, 75 and 100%) and (19, 80 and 
98%) after 5, 10 and 13 days respectively. Outtar, et al. (2011) tested some 
biological agents on the locust pilgrim, S. gregaria, and the Moroccan locust, 
Dociostaurus maroccanus they found that Azadirachta Indica, the Neem and 
Lawsonia inermis, the henna gave good control. Teflubenzuron and 
Triflumuron have an important bio-insecticide action and prevent the molt in 
the insects leading to their death. 
 
Table (2): Combined effect of the fungus, M. anisopliae var. acridum and 

20% of recommended dose of some affecting treatments 
against nymphs of the African locust, L. migratoria 
migratorioides in the field.  

 
                   days 
 
Treat. 
       

Cumulative mortality percentages after the indicated post treatment 
periods (in days) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Total 
Kill% 

Control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Fungus 25g/ha. + 
anti-feeding20% 

4 5 6 12 20 40 45 55 70 80 85 95 100           

Fungus 25g/ha. + 
cascade20% 

5 6 6 10 15 30 44 50 65 75 90 95 100           

Fungus 25g/ha. + 
Admiral20%  

6 8 9 12 19 36 45 51 66 80 89 96 99 100          

Fungus 25g/ha. + 
pestban20% 

11 12 14 16 50 60 75 80 90 95 100             

Fungus 25g/ha. + 
chloropyrifos20% 

13 15 19 25 55 70 80 85 92 98 100             

 
The mortality percentages caused by the fungus with 20% of the 

recommended dose of pestban 48% E.C. and Chloropyrifos 45% U.L.V. were 
(50 and 100) and (70 and 100%) after 5 and 11 days respectively. Abdel-
Fattah (2005) studied the combined effects of the fungus, M. anisopliae var. 
acridum isolate IMI 330189 with sub-lethal dose of some insecticides on the 
desert locust, S. gregaria in Eastern desert of Egypt. He reported that all 
insecticides were not toxic to the fungus and did not inhibit its effect on locust. 
In conclusion, the fungus alone induced moderate percentages of reduction 



Ali, T. A. A. and G. A. Mohamed  

 80 

in the population of this pest after 10 days post treatment. While the 
integration between M. anisopliae and 20% of the recommended dose of anti-
feeding agent, Flufenoxuron, pyripoxyfen and Chloropyrifos exhibited the 
highest integral action, recorded 100% mortality after 11-13 days of 
application post treatment. Also, on comparing the dose and half the dose of 
the fungus the full dose gave the same trend nearly. So it is preferable using 
half the dose for saving costs. It is worth mentioning that the integral action 
lead to decrease the period of complete action of the fungus. May be due to 
weaken the insects.  
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الفعل التكاملى لفطر الميتاريزيم انيزوبلى مع  ررةعم منضف عم معض بععع المععام   

 المؤثرة ةلى الرراد االفريقى لوكستا مرراتوريا  تح  الظروف الحقليم.
 ريهاض ةلى محمد و ثرو  ةبد المنعم ةبد الفتاح ةلى

 -ريزة -دقى -مركز البحوث الزراةيم  -معهد بحوث وقايم النباتا  -قسم بحوث الرراد والنطاط
 مصر

 

تم دراسة الفعل التكاملى بين فطر الميتاريزيم انيزوبالى صنف اكريديم ومانع التغذية 
)االزدراختين( ومانع االنسالخ )فلوفينوكسيرون( كاسكيد ومشابة هرمون الحداثة )بيروببكيثفين( 

حقل فى منطقة شرق العوينات ضد ادميرال والكلوربايروفوس  )مستحضران تجاريان( فى ال
 حوريات العمر الثالث , الرابع والخامس للجراد االفريقى.

اوضحت النتائج المتحصل عليها ان التكامل بين جراثيم الفطر ومانع التغذية ومانع 
% من الجرعة 02االنسالخ ومشابة هرمون الحداثة ومركب الكلوربايروفوس عند استخدامه بنسبة 

-00% من الحوريات بعد )022ن االكثر فاعلية فى هذا التكامل حيث ادى لموت الموصى بها كا
 ( يوم من المعاملة.01

ايام من  02وجد ايضا ان الفطر بمفرده احدث نسبة موت متوسطه وتناقصى فى تعداد هذه االفة بعد 
 المعاملة.

كذلك عند المقارنة باستخدام الجرعة ونصف الجرعة للممرض الحشرى ميتاريزيم 
 انيزوبالى اعطت نتائج متقاربة ولذلك يفضل استخدام نصف الجرعة من الفطر توفيرا لللنفقات.

يمكن استخدام فطر الميتاريزيم انيزوبالى ومانع التغذية ومانع االنسالخ ومشابة هرمون الحداثة فى 
 مكافحة المتكاملة .برنامج ال
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