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ABSTRACT: The widespread use of synthetic insecticides have been caused a serious 
hazards to human and the environment. So, the present study aimed to evaluate newer 
approaches that achieve efficient insecticidal activity for controlling cowpea and khapra 
beetles, meanwhile leading to no detrimental effects. In this respect, the following tools 
were investigated: Acutely toxic chemicals, mostly of natural origin, i.e. Vertemic, Ivomic, 
Agrothrin and Neemix. Some toxicological and environmental aspects of some tested 
chemicals were also evaluated. The results showed considerable and remarkable 
insecticidal activity, in particular, ivomic against the tested insects (i.e. cowpea beetle, 
Callosobruchus maculatus F., and khapra beetle, Trogoderma granarium E.) under 
storage conditions (Viz. lacking of direct light and other weathering factors). Pyrethrins 
might be photostable, hence they revealed long residual toxicity when applied on grains. 
Moreover, the results showed that ivomic and agrothrin were highly effective. Also, 
neemix showed considerable feeding deterrent effects against larvae of khapra beetle, T. 
granarium at concentrations  125 mg/kg grains. Howerver, neemix or ivomic showed 
harmful effects on the liver function of Japanese quail birds treated with repeated daily 
doses each of 1/100 or 1/500 LD50 for 21 consecutive days, where levels of alanine amino 
transferase, alkaline phosphatase and total bilirubin were significantly altered in the 
serum of treated birds. Furthermore,the number of egg laid by treated birds  showed 
significant reduction by 75% , 65%, and 60% , 35%, for neemix and ivomic at 1/100 and 1/500 

LD50, respectively. These effects were ascertained by the histopathological examinations. 
Also the present study used Actellic and Malathion as standard referance agents against 
stored product insects. 

Key words: Stored product insects, Ivormic, Agrothrins, Neemixs, Japanese quail, liver 
function, histopathological examinations.  

  
INTRODUCTION 

Stored grain of almost any kind is 
subject to attack by insects, which are 
highly specialized and in most cases are 
of small size with a high reproductive 
potential. Therefore, they are easily 
concealed in grain and have been carried 
to all parts of the world. Once established 
in a commodity they are usually difficult 
to control (Koehler, 2003). C. maculatus 
causes substatial losses to the pulses in 
the storage throughout the world (Righi- 
Assia et al. 2010). It is know to cause up 

to 100% loss of stored cowpea (Jaki and 
Daoust, 1986). The khapra beetle, 
Trogoderma granarium (Everts) is one of 
the most serious insect pest in tropical 
and suptropical region of Assia and 
Africa (Atwal,1976; Salunkhe et al. 1985 
and Viljoen, 1990)   The increased use of 
insecticides as means of crop protection 
led to many health problems in human 
and ambient environment. (Benbrook, 
1991). The potential hazards for 
mammals from the conventional 
insecticides, the ecological 
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consequences and the increase of insect 
resistance to these insecticides have led 
to a search of newer advantadgeous 
classes of insecticides. Avermectins, a 
family of macrocyclic lactones are 
natural product pesticides isolated from 
the fermentation of the soil 
microorganism., Streptomyces 
avermitilis and they have potent 
anthelmintic, acaricidal as well as 
insecticidal properties (Miller et al., 1979; 
Fisher and Morzik, 1989; Burg and 
Stapley 1989; Wehner, et al., 1993 and 
Shoop et al., 1995). Also agrothrin as one 
of the natural pyrethrins gave effective 
grain protection against Sitophlus 
zeamais, it caused mortalities more than 
95% of insects after 5 and 6 weeks 
(Hategekimana, 2017). The most 
prominent constituent of neem is 
azadirachtin, which has been established 
as a pivotal insecticidal ingredient. It acts 
as an antifeedant, repellent, and 
repugnant agent and induces sterility in 
insects by preventing oviposition and 
interrupting sperm production in males. 
(Chaudhary, et. al, 2017). A significant 
reduction of food consumed by the 4th 
and 6th instar larvae of of the Spodoptera 
littoralis were treated with sublethal 
concentrations of Nimbecidine (0.03% 
Azadirachtin) was reprted by (Ghoneim 
and Hamadah, 2017). Azadirachtin is a 
tetranortriterpenoid compound belonging 
to the limonoids, which can be isolated 
from the Neem tree, Azadirachta indica A. 
Juss. The potential of azadirachtin and 
azadirachtin-containing extracts has 
been explored for use in integrated 
control programmes for many 
agricultural field pests, especially those 
concerned with lepidopteran species 
(Schmutterer, 1985 and 1988). 

The present study was aimed to 
evaluate : the insecticidal activity of 
some biorational insecticides, namely, 
ivomic, vertemic, agrothrin and neemix 
against cowpea beetle, C. maculatus  and 
khapra beetle, T. granarium compared to 

actellic and malathion as chemical 
insecticides. The avian toxicity of the 
tested biorationals, neemix and ivomic 
against Japanese quail birds was also 
evaluated. To investigate these purposes 
three considerable bioassay methods, 
toxicity, antifeedant effect and residual 
toxicity were used as well as the 
toxicological and biochemical studies on 
Japanese quail birds.   
 
MATERIALS AND METHODS 
1. Pesticides used : 
1.1. Biopesticides : 
1.1.1 Abamectin : 
Trade name : Vertimec 1.8% EC 
Producer  : Novartis Agro., Swithzerland 
 
1.1.2. Ivermectin : 
Trade name : Ivomic 1% aq. 
Producer : Merck Sharp & Dohme BV, 
Harlem, Holland. 
 
1.1.3. Azadirachtin : 
Trade name : Neemix 4.5% EC 
Producer : Thermo Trilogy, Grace Drive, 
Columbia. 
 
1.1.4. Pyrethrins (Natural) : 
Trade name : Agrothrin 0.11% D 
Producer   : Agropharm Limited 
 
1.2. Chemical pesticides 

(Organophosphrus)  : 
1.2.1. Malathion: 
Trade name : Malason 1% D   
Producer : KZ, Egypt. 
 
1.2.2. Pirimiphos methyl: 
Trade name : Actellic 50% EC 
Producer : KZ, Egypt. 
 
2. Insects tested : 

The original strains of all tested 
insects were obtained from the 
Department of Stored-Product Pests, 
Plant protection Research Institute, 
Sakha branch, Agricultural Research 
Center, Dokki, Egypt.  
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2.1. Cowpea beetle, Callosobruchus 
maculatus (F.) (Fam: Bruchidae): 

Small glass jars containing 150-200 
unsexed adults and approximately 200 
gm of cowpea seeds each were covered 
with muslin kept in position with rubber 
bands under laboratory conditions of 
35C; 70% RH . The cowpea seeds, Vigna 
unguiculate (L.), var. Azmerly, used for 
insect culture and experiments were 
previously sterilized by freezing at -18C 
for one week to kill any prior insect 
infestation, then stored in sealed 
polyethylene bags at 5C until required 
for experiments. Newly emerged adults 
(0-24 hrs old) were used in the 
experiments. The culture medium was 
sieved to remove the old beetles therein 
and the emerged insects were collected 
for experiments. 
 
2.2. Khapra beetle, Trogoderma 

granarium (Everts), (Fam. 
Dermestidae) : 

Jars each contained 200-400 adults 
and 400 gm of crushed wheat grain, 
Triticum aestivum var, Sakha 61 were 
covered with muslin cloth fixed with 
rubber bands to be tightly closed and 
maintained in the laboratory conditions 
of 35C; 70% RH . Newly emerged adults 
(0-24 hours old) were used in the 
experiments. The moisture contents of 
these grains were measured by oven-
drying duplicate samples each of 5 gm, at 
130C for 1 hour, then calcualted from 
the following formula (according to El-
Zun, et al. 2012): 

 

Cowpea seeds or wheat grains of 
moisture contents of 12.5 and 8.5% , 
respectively were stored in sealed 
polyethylene bags in a refrigerator at 5C 
till required for experiments. 
 
3. Test organism : 

Japanese quail birds, Coturnix 
coturnix Japonica were obtained from the 

flock bred by the Poultry Research Farm, 
Department of Poultry Production, 
Faculty of Agriculture, Kafr El-Sheikh, 
Tanta University. Birds were kept in 
metallic cages. Diet (Provided from the 
same source of birds) and water were 
offered ad-libitum. Initial average body 
weight of the birds was 120  15 gm. All 
birds were healthy and have never been 
subjected to any chemical contamination. 

 
4. Bioassay methods : 
4.1. Toxicity to insects : 

Ten adults of both the tested insects 
or larvae of T. granarium were 
transferred to each treated dish by the 
tested materials. The same numbers of 
insects were transferred to petri-dishes 
containing grains treated with water only 
as control. Mortality counts were 
recorded 24 hour after treatment and 
corrected by Abbott’s formula (1925). 
Concentration-mortality response lines 
were drawn. LC50 and slope values were 
calculated according to the method of 
Finney, (1971). 
 
4.2. Residual toxicity assays : 

Lots each of 2 kg of wheat grains 
(8.5% m.c.) or cowpea seeds (12.5% m.c.) 
were treated with the tested insecticides. 
Each insecticide was diluted in water and 
added to the grains in which the final 
concentration would be equivalent to the 
LC99 of the insecticide against the tested 
insect . Jars were vigorously hand-
shaken for adequate time to ensure 
complete mixing. The treated grains were 
allowed to dry at room temperature then 
packed in jute sacks (20  30 cm) tightly 
closed and stored at room conditions (28 
 2C and 70  5% R.H.). Samples each of 
20 gm of treated grains were withdrawn 
at various periods (i.e. 1, 2, 4, 6, 8, 10 and 
12 months) and placed in petri-dishes (9 
cm diameter). Twenty adults of both 
insects or larvae of T. granarium (the 2nd 
instar) of the tested insect were 
transformed to each dish for 24 hours, 
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after which, mortality counts were 
recorded. Three replicates were made for 
each treatment. Time was plotted against 
mortality percentages on log-probit 
paper, and LT50 values were calculated 
according to the statistical method of 
Finny 1971. 
 
4.3.Antifeedant effect of Azadirachtin: 

The antifeedant effect of Azadirachtin 
against larvae of khapra beetle, T. 
granarium, confined to wheat grains was 
evaluated. Two types of tests were 
carried out in this respect, choice and 
non-choice tests. In choice tests, a petri-
dish (9 cm in diameter) was divided into 
two equal parts separated by simple 
barrier that allows insects to move freely 
from one part to the other. The first part 
received 20 gm (about 350 grains) of 
treated grains, whereas the second one 
received 20 gm of non-treated grains. A 
number of 50 2nd instar larvae were 
transferred to the treated portion. In non-
choice test the same procedure was 
conducted with dishes contained treated 
grains only. For both test, controls  were 
made using non-treated grains. Four 
replicates were made for each treatment. 
Dishes were stored for 20 days under 
laboratory conditions, after-which 
percents of damaged grains were 
calculated. 
 
5. Toxicological effects on 

Japanese quail birds : 
5.1. Acute toxicity : 

Acute toxicity of ivomic to Japanese 
quail birds expressed as LD50 values and 
their fiducial limits was determined 
according to Weill (1952). Exploratory 
trials were performed in order to find out 
the smallest dose of each material that 
exhibits toxic effect to start with. The 
dose was multiplied by a constant factor 
and the produced dose was then 
multiplied by the same factor and so on 
to obtain four successive doses. Four 

groups of birds, each of three (n=3) were 
used. Birds of each group were given 
orally doses. Doses were prepared in 
water and given to birds by means of a 
special syringe that has a needle 
equipped with a ball tip. Mortalities were 
recorded after 24 hours of treatment.  

The LD50 values with confidence limits 
were calculated according to the 
following equation: 
Log m =  Log D + d (F+1) 

Log m = The log of the LD50 

Log D  = The log of the lowest dosage 

D         = The log of the constant factors  

F         = Factor obtained from the tables 

according to the number of birds 

used. 

For the estimation of confidence 
limits, the following formula was used. 

Log m  2d  f 
f is obtained from the tables 
 
5.2. Short term- toxicity : 

Two groups of Japanese quail, each of  
6 birds were used for oral toxicity tests of 
azadirachtin and ivomic. Birds of each 
group were orally given daily single 
doses for 21 consecutive days. Each 
dose was equivalent to 1/100 or 1/500 LD50. 
Doses were prepared in water, so a third 
group of birds was reserved as control 
and dosed water only. After the test 
period, birds were sacrificed, blood 
samples were collected, centrifuged at 
4000/rpm for 10 minutes and serum 
samples were subjected to biochemical 
analysis. Livers were eviscerated, 
weighed and prepared for histo-
pathological examination. 
 
5.2.1. Biochemical analysis :  

In serum of birds, biochemical 
parameters representing liver function 
were determined. In this respect, alanine 
aminotransferase, ALT (formerly, 
Glutamate pyruvate transaminase, GPT); 
alkaline phosphatase, ALP and total 
bilirubin were assayed. Assessments 
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were done using an automated clinical 
chemistry analyzer at the Diagonistic 
Laboratory of Dr. Saleh El-Sharkawy, 
Prof. of Biotechnology, Faculty of 
Pharmacy, Mansoura University, Egypt. 
For ALT and ALP, Roche Diagonistic Kit 
(Manheim, Germany) were used, whereas 
Boehringer Kits (Manhiem, Germany) 
were used for determination of total 
bilirubin 
 
5.2.2. Oviposition : 

The number of eggs laid by females of 
birds were recorded after 21 days for 
treated and untreated birds and the 
reduction of eggs laid was calculated 
according as follows:  

Reduction of eggs laid = [ ( No. eggs laid 
in control - No. eggs laid in  treated ) /  
No. eggs laid of control ] x 100 (El-Zun, 
1998). 
 
5.2.3. Histopathological examination :  

Tissue specimens of bird liver were 
fixed in 15% formalin saline, processed 
by dehydration in different 
concentrations of alcohols, cleared with 
xylol and embedded in paraffin blocks. 
Sections at 4 thickness were made and 
stained by haematoxylin and eosine. 
Processing the tissues and preparing the 
slides were achieved by Dr. A.A. Menasi, 
professor of Pathology, Fac. of Medicine, 
Tanta Univ., Egypt., whereas, 
microscopic examination or reading 
these slides was done by Dr. A. Abo-
Rawash, Associate Prof. of Pathology, 
Fac. of Veterinary Medicine, Kafr El-
Sheikh, Tanta Univ., Egypt. 
 
RESULTS 
1. The acute toxicity of the tested 

insecticides against tested 
insects: 

1.1. Toxicity after 24 hr. exposure : 
The toxicity of the tested insecticides 

against the tested insects was evaluated 

using the technique of mixing with a 
feeding medium and results are recorded 
in Tables (1-3). On the basis of median 
lethal concentrations (LC50 values), the 
potency of the tested insecticides could 
be ranked descendingly as follows :  

- Against adults of C. maculatus :  Ivomic 
(a) (0.19) > vertemic (a) (0.20) > agrothrin 
(b) (0.40)> Pirimiphos-methyl (b) (0.50) > 
malathion(c). (6.1) . 

- Against adults of T. granarium : 
Pirimiphos-methyl (0.6) (a)  > vertemic (b)   
(1.2)   > ivomic (c) (2.1) > agrothrin (c) 
(2.6) > malathion(d) (5). 

- Against larvae of T. granerium : 
Vertemic (a) (0.5) > ivomic(a) (0.8) > 
pirimiphos-methyl(b) (13.3) > 
malathion(c) (69.3) > agrothrin (d) (>352). 

LC50 values (in mg a.i./kg grains) are 
shown in parentheses. Based on the 
overlapped values of confidence limits, 
LC50 values have the same letter have not 
significant differences. It is clear that 
avermectins (vertemic or ivomic) showed 
considerable toxicity to the tested 
insects that surpassed the toxicity of 
malathion or pirimiphos-methyl. 
However, Pirimiphos-methyl was the 
most toxic compound against the adults 
of khapra beetle, T. granarium followed 
by vertemic (Relative potentials for 
pirimiphos-methyl and vertemic : 100 and 
50%, respectively). According to the 
obtained LC50 values, avermectins were 
nearly (30), (2-4) and (86-138 times) as 
toxic as malathion, against adults of C. 
maculatus, T. granasium and larval of T. 
granarium, respectively. Thus, from the 
acute toxicity point of view, ivomic might 
be regarded as promising stored grain-
protectant that can replace malathion 
(taking into consideration their 
toxicological, environmental and 
economical variables). 
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Table (1): Toxicity of the tested pesticides against adults of cowpea weevil, C. maculatus  

(F), after 24 hr. exposure to treated cowpea seeds 

Pesticide Formulation

LC50 

(mg/kg seeds) 

LC99 

(mg/kg seeds) 
Slope 

Relative (1) 
potency (%)

Value 
Fiducial 

limits 
Value

Fiducial 
limits 

Vertemic EC 0.20 0.17 - 0.29 2.1 1.10 – 8.10 2.3 95.00 

Ivomic SL* 0.19 0.15 - 0.26 2.2 1.10 – 8.70 2.2 100.00 

Agrothrin D** 0.40 0.30 - 0.50 2.5 1.50 – 8.90 3.0 48.00 

Malathion D** 6.10 4.90 - 7.50 36.3 23.4 – 80.5 3.3 3.11 

Pirimiphos-methyl EC 0.50 0.40 - 0.70 4.9 2.90 – 12.6 2.4 38.00 

*   SL: Soluble liquid;  
** D  : Dust 
(1) Relative potency = (LC50 of the most toxic insecticide/LC50 of the candidate insecticide)  100 
 
Table (2): Toxicity of the tested pesticides against adults of khapra beetle, T. granarium 

Everts, after 24 hr. exposure to treated wheat grains  

Pesticide Formulation

LC50 

(mg/kg seeds) 

LC99 

(mg/kg seeds) 
Slope 

Relative (1) 
potency 

(%) Value 
Fiducial 

limits 
Value

Fiducial 
limits 

Vertemic EC  1.2 0.9 – 1.6 15.9 8.00 – 54.2 2.1 50.0 

Ivomic SL* 2.1 1.7 – 2.7 17.8 10.2 – 51.4 2.5 28.6 

Agrothrin D** 2.6 2.1 – 3.3 17.2 10.5 – 41.7 2.8 23.1 

Malathion D** 5.0 4.1 – 6.2 24.0 15.7 – 51.9 3.4 12.0 

Pirimiphos-methyl EC 0.6 0.5 – 0.8 5.40 3.10 – 13.7 2.5 100.0 

*   SL: Soluble liquid;  
** D  : Dust 
(1) Relative potency = (LC50 of the most toxic insecticide/LC50 of the candidate insecticide)  100 
 
Table (3): Toxicity of the tested pesticides against 2nd instar larvae of khapra beetle, T. 

granarium Everts, after 24 hr. exposure to treated wheat grains 

Pesticide Formulation

LC50 

(mg/kg seeds) 

LC99 

(mg/kg seeds) 
Slope 

Relative (1) 
potency 

(%) Value 
Fiducial 

limits 
Value

Fiducial 
limits 

Vertemic EC 0.50 0.4 – 0.6 5.9 3.1 – 17.2 2.1 100.00 

Ivomic SL* 0.80 0.7 – 1.1 5.5 3.2 – 15.0 2.9 62.50 

Agrothrin D** >352 – > 352 – – 0.14 

Malathion D** 69.3 56.9 – 85.5 356.4 232.6 – 761.7 3.3 0.72 

Pirimiphos-methyl EC 13.3 10.8 – 18.7 145.9 83.1 – 383.2 2.3 3.80 

*   SL: Soluble liquid;  
** D  : Dust 
(1) Relative potency = (LC50 of the most toxic insecticide/LC50 of the candidate insecticide)  100. 
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1.2. The residual toxicity: 
The residual toxicity of the tested 

compounds was investigated. 
Insecticides-treated grains (at LC99’s) 
were stored at laboratory conditions 
under complete darkness. Insects were 
exposed for 24 hr to samples of treated 
grains, withdrawn at different periods of 
storage and mortality counts were 
recorded. Results were recorded in Table 
(4). In general, the tested compounds 
exhibited long residual effect (LT50’s 
ranged 5.2 - 25.4  months). It was noted 

that, nearly, complete mortality was 
achieved for the tested insect exposed to 
treated grain within the first four months 
of storage, then the loss of the residual 
activity of insecticides over time seemed 
to be linear. Avermectins showed 
adequate residual toxic action currently 
required for effective protection against 
stored-grain insect [(LT50 : (17.1, 10 
months) for vertemic and ivomic against 
adults of C. maculatus,  respectively 
(Tables 4, 5 and 6).  

 
Table (4): Residual toxicity of pesticides against adults of cowpea beetle, C. maculatus  

following, 24 hr. exposure to treated wheat grains, stored for different periods 

Pesticide Formulation

% Mortality at storage periods 
(months) 

LT50 (months) 

1 2 4 6 8 10 12 Value C. limits 

Vertemic        EC 100 100 100 92 85 77 70 17.1 14.1 - 24.9

Ivomic SL* 100 100 94 87 75 50 30 10.0 9.40 - 10.8

Agrothrin D** 100 100 100 100 100 90 80 15.7 13.7 - 24.6

Malathion D** 100 100 100 98 96 90 85 25.4 17.7 - 68.5

Pirimiphos-methyl EC 90 85 75 60 30 16 10 5.2 3.40 - 7.70

*   SL: Soluble liquid  
** D  : Dust 
 
Table (5): Residual toxicity of pesticides against adults of khapra beetle, T. granarium 

following, 24 hr. exposure to treated wheat grains, stored for different periods 

Pesticide Formulation

% Mortality at storage periods 
(months) 

LT50 (months) 

1 2 4 6 8 10 12 Value C. limits 

Vertemic       EC 100 100 100 98 92 85 78 17.7 14.8 - 25.4 

Ivomic SL* 100 100 100 100 98 92 89 19.3 15.4 - 35.1 

Agrothrin D** 100 100 100 95 83 70 52 12.9 11.8 - 18.0 

Malathion D** 100 100 100 90 79 67 44 11.5 10.7 - 12.7 

Pirimiphos-methyl EC 100 85 80 75 54 30 11 7.1 5.10 - 10.9 

*   SL: Soluble liquid  
** D  : Dust 
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Table (6): Residual toxicity of pesticides against 2nd instar larvae of khapra beetle, T. 
granarium following, 24 hr. exposure to treated wheat grains, stored for 
different periods 

Pesticide Formulation 
% Mortality at storage periods (months) LT50 (months) 

1 2 4 6 8 10 12 Value C. limits 

Vertemic EC 100 100 93 87 66 45 31 9.6 8.90 - 10.4 

Ivomic SL* 100 100 100 89 75 67 46 11.6 10.7 -  12.9 

Agrothrin D** - - - - - - - - - - - 

Malathion D** 100 100 100 100 95 90 81 17.2 14.5 - 25.8 

Pirimiphos-methyl  EC 100 100 100 100 95 80 70 15.2 13.0 - 22.0 

*   SL: Soluble liquid  
** D  : Dust 
(-) Not teste 
 
2. Antifeedant effects of Azadirachtin: 

The antifeedant activity of 
azadirachtin against larvae of khapra 
beetle, T. granarium was evaluated. Two 
types of tests were performed, i.e. choice 
and non-choice tests. Larvae were 
confined to treated or non-treated wheat 
grains at petridishes for 20 days. 
Damaged grains was used as indicator to 
the antifeeding activity. Results, are 
recorded in Table (7) and Fig. (1). Results 
show that azadirachtin exerts a 
considerable antifeedant activity against 
the tested larvae. The effect was 
increasing with increasing the 
concentration of azadirachitin. 

Azadirachitin at concentration, 500 
mg/kg grain completely prevented food 
consumption (% of damaged grains was 
(0.0, 0.7) versus (31.1, 31.5) in control, for 
choice and non-choice tests, 
respectively). It is suggested that the 
concentration 30-125 mg/kg grain as an 
economic threshold for protecting grains 
against insect infestation.  
 
3. Toxicity to Japanese quail birds: 
3.1. Acute –Toxicity: 

Acute oral toxicity of the formulated 
ivomic is shown in Table (8). LD50 value is 
255.86 mg/kg b.w. Eweis et al., (1995) 
found that LD50 of ivermectin to rats was 
300 mg/kg b.w. Of course the value 

obtained herein greatly differs from that 
of technical material. However, for 
practical purposes the pesticide user is 
more interested in knowing the toxicity of 
the particular formulation he is using. 
Acute oral toxicity of Azadirachtin was 
found to be > 5000 mg/kg (Pesticide 
Manual, 2000). According to the 
tabulation of toxicity rating described by 
Hodgson and Levi (1997), the obtained 
LD50 value of Ivermectin could be 
categorized under the term very toxic and 
that of Azadirachtin “relatively nontoxic” 
according to Pesticide Manual, 2000. As 
a general guide, the probable lethal dose 
for an adult human weighing 80 kg may 
be derived from the acute oral LD50 for 
test animals (Oudejans, 1991). According 
to the following data reported by 
Campbell et al., (1983), Ivomic appears to 
have a very wide safety margin in target 
species. Cattle injected subcutaneously 
with a single dose of 6 mg/kg (30 times 
the recommended dose as a veterinary 
treatment) showed no signs of toxicity. 
Toxicity and death were recorded with 40 
times the recommended dose. Dogs 
given a single oral dose of ivermectin 
showed no toxic signs at 10 mg/kg; but 
death did not occur even at 20 mg/kg, 
which is 20,000 times higher than the 
dosage needed to suppress the 
development of heartworm in dogs. 
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                   (I) Non-choice tests                                         (II) choice tests 
 

Fig. (1): Feeding deterrant effect of Azadirachtin as indicated by the degree of wheat 
grain damage caused by larvae of T. granasium  
(A): treated grains (at 500 mg/kg grain). 
(B), (C): untreated grains. 

 
Table (7): Feeding deterrent effect of azadirachtin as indicated by the degree of wheat 

grains damage caused by larvae of khapra beetle, T. granarium after 20 days 
posttreatment 

 Damaged grains (%) 

Concentration  

(mg/kg grains) 

Choice test Non-choice test 

Treated seeds Non-treated seeds Treated seeds 

0.125 23.9 b 29.4 ab 26.8 ab 

0.5 14.7 c 28.1 abc 12.8 c 

2 10.3 d 27.2 abc 5.80 d 

8 7.20 e 26.3 abc 5.10 d 

30 4.70 f 25.6 bcd 4.20 d 

125 1.90 g 24.2 cd 1.50 e 

500 0.00 h 22.5 d 0.70 f 

Control 31.7 a 31.1 a 31.5 a 

In the same column, values followed by a common letter are not significantly different. 
 
Table (8): Acute toxicity of Ivermectin to Japanese quail birds 

Toxicant LD50 (mg/kg b.w) Fiducial limits 

Ivomic 255.86 159.96 – 409.26 

 

B A CA B
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3.2. Sub acute toxicity: 
The possible hepatotoxic effects of 

azadirachtin and ivomic on the Japanese 
quail birds were evaluated. Birds were 
orally treated with single repeated doses 
(each of 1/100 or 1/500 LD50) for 21 
consecutive days. Certain biochemical 
parameters representing liver function 
were assayed, in addition, liver tissues 
were histopathologically examined. 
Results recorded in Table (9) show that 
activities of ALT, alkaline phosphatase 
and total bilirubin in serum of birds 
treated with azadirachtin or ivomic, were 
significantly elevated.  The effects were 
less powerful in ivomic-treated birds (e.g. 
Alkaline phosphatase activities were 340, 
215% of control for azadirachtin 
treatments, 1/100 and 1/500 LD50, versus 170 
and 126% of control for ivomic 
treatments, respectively). 

Furthermore, ALT activity was not 
significantly affected in serum of 
Ivermectin-treated birds. The effects were 
generally, dose-dependent.  
 

3.3. Histological analysis: 
The results were ensured by the 

histopathologyical examination. The 
normal structure of liver of an untreated 
bird is shown in Fig. (2). Livers of birds 
treated with 1/100 LD50 of ivomic or 
azadirachtin showed hepatic toxicity 
indicated by histopathological alterations 
in their tissues. Tissues of those of 
ivomic showed inflammatory and 
necrotizing changes and bile duct-
proliferation (Fig. 3).  
 
3.4. Oviposition : 

It was obvious that all sublethal 
concentrations caused significant 
decrease in egg laying rates in a 
concentration dependent manner. 
Administration of concentration of 1/100 
and 1/500 LD50 led to severe reduction in 
egg laying rate by 75% and 65%, 
respectively for azadirachtin and 60% 
and 35%, respectively for ivomic, 
compared to the untreated control (Table 
10).  

Table (9): Effect of some pesticides on certain serum enzymes and biochemical 
parameters representing liver function of Japanese quail birds treated orally 
for 21 consecutive days. 

Pesticide 
Dose 

(mg/kg 
b.w) 

Relative 

liver weight

(gm/100gm 
b.w) 

ALT activity(1) 
(U/L) 

ALP activity(2)  

(U/L) 

Total bilirubin 
(mg/100ml) 

Mean
% of 

control
Mean 

% of 
control

Mean 
% of 

control 

Azadirachtin* 1/100 LD50 3.2 a 17 a 270 2722 a 340 0.13 b 130 

Azadirachtin* 1/500 LD50 3.0 a 11.5 b 183 1717 b 215 0.12 c 120 

Ivomic 1/100 LD50 2.8 a 7.0 c 111 1358 c 170 0.14 a 140 

Ivomic 1/500 LD50 3.1 a 6.0 c 95 1007 d 126 0.12 c 120 

Control - 2.9 a 6.3 c 100 800 e 100 0.10 d 100 

In the same column, values followed by a common letter are not significantly different. 
(1) ALT, alanine aminatransferase, formerly GPT 
(2) ALP, alkaline phosphatse 

* LD50 of Azadirachtin was presumably considered to be 5000 mg/kg b.w. 
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Fig. (2): Liver of control birds showing normal tissues (H&E x200 ) 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
Fig. (3): Liver of birds treated with 1/100 LD50 of Ivormic showing bile duct proliferation 

(H&E200 ) 
 
Table (10): Effect of some pesticides on the eggs laid by Japanese quail birds.  

Pesticide 
Dose 

(mg/kg b.w) 
Number of egg laid/ 

3femal  
Reduction of eggs 

laid(1) 

Azadirachtin* 1/100 LD50 17 d 75 % 

Azadirachtin* 1/500 LD50 24 c 65 % 

Ivomic 1/100 LD50 27 c 60 % 

Ivomic 1/500 LD50 44 b 35 % 

Control - 68 a 0 % 
In the same column, values followed by a common letter are not significantly different. 
* LD50 of Azadirachtin was presumably considered to be 5000 mg/kg b.w. 
(1)Reduction of eggs laid = [ (No. eggs laid in control - No. eggs laid in  treated /  No. eggs laid in 

control) ] x 100  
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Livers of azadirachtin-treated birds at 
1/100 LD50 showed hepatocellular necrosis, 
vacuolar degeneration and advanced 
fatty changes (Fig,s. 4,5). Through rough 
assumptions and calculations it could be 
concluded that quantities of grains 
consumed daily by human or livestock 
would carry residue levels of ivomic and 
azadirachtin that are much less than the 
tested levels required to manifest liver 

damage. Effective concentration needed 
to control insects on grains ranged 2-10 
mg/kg grain (as LC99 values) for ivomic, 
and 4 mg/kg grains for azadirachtin. 
Furthermore, washing of grain (a process 
known to be practiced before 
consumption), backing and cooking 
would make residues minimum on 
different foodstuffs. 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. (4): Liver of azadirachtin treated birds (at 1/100 LD50) showing centrolobular vacuolar 

degeneration and  necrosis (H&E100). 
                      
 
 
 
 
 
 
 
 
 
 
                        
 
 
 
 
Fig. (5): Liver of azadirachtin treated birds (at 1/100 LD50) showing advanced fatty changes and  

necrosis (H&E400). 
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DISCUSSION 
The current study is an attempt to 

look for some alternatives to chemical 
synthetic insecticides. These alternatives 
might to be relativety safe on human, 
environment and have good affection 
against stored product insects. Three 
common assay methods: toxicity, 
resdual toxicity and antifeedant were 
used to evaluate four biocide agents, 
ivomic, vertemic, neemix and agrothrin 
against adults of C. maculatus, T. 
granarium and larval of T. granarium in 
compared to two standard chemical 
insecticides, malathion and actellic as 
referances. In addition neemix and 
ivomic were selected for example of 
biopesticides to study their side effects 
on Japanese quil birds through 
toxicological and hitopathological tests. 
The tested insecticides against the used 
insects showed that ivomic and vertemic 
showed considerable toxicity that 
surpassed the toxicity of Malathion or 
Pirimiphos-methyl based on the LC50 

values. However, Pirimiphos-methyl was 
the most toxic compound against the 
adults of khapra beetle, T. granarium 
followed by vertemic (Relative potentials 
for pirimiphos-methyl and vertemic : 100 
and 50%, respectively). According to the 
obtained LC50 values, avermectins were 
nearly (30), (2-4) and (86-138 times) as 
toxic as malathion, against adults of C. 
maculatus, T. granasium and larval of T. 
granarium, respectively. Thus, from the 
acute toxicity point of view, avermectins 
might be regarded as promising stored 
grain-protectant that can replace 
malathion (taking into consideration their 
toxicological, environmental and 
economical variables). The present 
findings are agreemnt with some 
previous studies. Malathion resistance in 
Tribolium castaneum was first reported 
in united states by Speirs et al., (1967) 
and Vincent and Lindgren (1967). Since 
that time many reports have shown that 

malathion resistance in this insect pest 
has grown in both scope and intensity 
(Haliday et al., 1988; Subramanyam et al., 
1989 and Zettler and Cuperus, 1990). 
Although malathion could be considered 
as a standard insecticide for stored grain 
insects (Oudejans, 1991), the future 
status of malathion and pirimiphos-
methyl, two organophosphate 
insecticides registered in the united 
states, is questionable because of 
registration procedures required by the 
Environmental Protection Agency 
(Arthur, 1994). Malathion is registered as 
a protectant of stored grains and most if 
not all labels will soon be with drown 
(Abramson, 1991). Pirimiphos-methyl is 
registered as a protectant for maize and 
sorghum, and these labels may also be 
amended (Arthur, 1994). However, 
malathion D (1%) is recommended by 
Ministry of Agriculture in Egypt to be 
mixed with stored grains as a protectant 
against their insects (Anonymous, 2001). 
The obtained results revealed also that 
pyrethrins (Agrothrin 0.11% D)  exhibited 
reasonable toxicity to the tested insect 
(relative potencies were 48%  versus 
3.11% for malathion).   The result is 
consistent with that of Gouamene-
Lamine et al., (2003) who found that 
adults of susceptible strain of the 
chlorado beetle, Leptinotarse 
decemlineata (Say) were less sensitive  
to the toxic action of abamectin and two 
of its analogs when compared to 
susceptible larval stages. Agrothrin gave 
effective grain protection against 
Sitophlus zeamais, it caused mortalities 
more than 95% of insects after 5 and 6 
weeks (Hategekimana, 2017).  The 
authors concluded that abamectin 
resistance in chlorado beetles was due 
mainly to enhanced oxidative metabolism 
of abamectin. Phyrethrum has been in 
general use for many years, but supplies 
are limited and so to seduce the cost and 
extend its usefulness, low concentrations 
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of pyrethrins are mixed with a synergist 
(often, piperonyl butoxide) which 
enhances their activity. Pyrethrins like all 
members of the pyrethroid insecticide 
family, kill insects by disputing their 
nervous systems. Pyrethrins are toxic to 
the “sodium channel” of the cellular 
structure that allows sodium ions to 
enter a cell as part of the process of 
transmitting a nerve impulse. This leads 
to repetitive discharges by the nerve cell 
which causes paralysis and death 
(Crosby, 1995). 

The tested compounds exihbited long 
residual effect (LT50)s ranged from 5.2-
25.4 months. Within the the first four 
months of storage completely mortality 
was achieved for the tested insects then 
the loss of the residual activity of 
insecticides started to reduce overtime.  
Beeman and Speris (1986) studied the 
residual toxicity of abamectin on wheat 
treated with the initial concentration, 10-
160 p.p.b against adults of three species 
of caleoptera. They found that the half-
life for decay of biological activity of the 
compound was 3-6 months. Abo-Arab 
and El-Hamady (1998) found that the 
residual toxicity of ivermectin on grains 
(wheat or cowpeas) treated at LC99, 
effectively lasted for 3-9 months against 
adults of S. oryzae and C. maculatus. The 
varations in duration of residual toxicity 
might be due to differences in the initial 
concentration of the toxicant on grains 
leading to varied half life values. Thus, 
loss of activity of avermectins on treated 
grains is not assumed to follow first 
order reaction. For any given first order 
reaction half-live (t0.5) is a constant and 
independent of the initial concentration 
(Glasstone and Lewis (1968). From 
results obtained, it was obvious that 
pyrethrins mixed with grains showed 
long residual effect (LT50 values: 15.7 
months, against adults of C. maculatus 
(Table 4). Pyrethrins are known to have 
very short halflives, but the long residual 
effect observed in the present study 

might be due to the indoor conditions, in 
particular, the complete darkness in 
which the treated grains were stored. 
Outdoors, pyrethrins persist only for a 
short time. For example, after application 
of pyrethrins to bare soil, the half life was 
two hours or less (WHO and FAO, 2000). 
Pyrethrins persist much longer indoors 
than they do outdoors. Berger-prei B et 
al., (1997) found that pyrethrins persisted 
in carpet dust for over two months after 
treatment. A large family of insecticides, 
the synthetic pyrethroids, are structurally 
similar to pyrethrins but have been 
chemically modified to make them more 
toxic and more persistent. Pyrethrin 
insecticides often contain piperonyl 
butoxide, a chemical that increases their 
potency. The synergized pyrethrins were 
recommended for controlling the 
confused flour beetle, Triboluim 
castaneum du Val., a major insect of flour 
mills, processing plants and  indoor food 
warehouses (Arthur, 1998). Several 
pyrethroids applied in combination with 
piperonyl butoxide synergist have been 
evaluated as protectants of wheat stored 
(Bengston, et al., 1980 a). Synergised 
pyrethrin aerosals have been used in 
pest control programs against stored 
product insects at mills and processing 
plants in the USA but the piperonyl 
butoxide synergist used in pyrethrin 
formulations itوs was currently under 
review by the U.S. Environmental 
Protection Agency (Arthur, 1998). Biebel  
et al., (2003) reported that, pyrethrum 
extract has a long history of successful 
application in the control of stored 
products. Its low environmental hazard 
makes it an ideal pesticide for outdoor 
pre-harvest treatment. However, the 
disadvantages of its low light stability 
then becomes apparent. This drawback 
can be overcome by the combination of 
pyrethrum extract with  cyclodextrin. To 
slow down the quick metabolism of 
pyrethrum by the insect microsomal 
system synergistic substances were 
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added. Additional to the already well-
known piperonyl butoxide, two natural 
synergis, sesamol and tocopherol 
acetate were combined with pyrethrum 
extract and found to enhance the toxicity. 
storage conditions, i.e. temperature and 
moisture content can also affect the 
stability of pyrethrins. Noble et al., (1982) 
reported that permethrin treated wheat 
and stored at 25C (12% moisture) or 
35C (15% moisture) had a half-life of 252 
and 44 weeks, respectively. The half-life, 
being dependent on the wheat storage 
conditions, decreased as the temperature  
and moisture increased. 

The conventional insecticides, 
malathion and pirimiphos-methyl showed 
also, long residual toxicity. The duration 
of the residual toxic action of pirimiphos-
methyl was shorter than that of malathion 
particularly against adults of C. 
maculatus and T. granarium (LT50 values: 
5.2 and 7.1) months versus 25.4 and 11.5 
months for malathion against C. 
maculatus and T. granarium, 
respectively, (Tables 4,5). Abo-Elghar et 
al., (2003) found that pirimiphos-methyl 
applied at 25 mg a.i./kg cowpea seeds 
showed residual activity against C. 
maculatus extended up to 8 months post-
treatment. Also, pirimiphos-methyl gave 
nearly 100% control of adults of T. 
castaneum (confined to treated wheat 
grain) for 9 months at 4 ppm and 11 
months at 8 ppm (White, 1984). 

Azadirachtin (neemix) was evaluated 
against larvae of T. granarium using 
choice and non-choice technique.Neemix 
exert vigour antifeedant activity aginst 
the testd larvae. Similarly, Muda and 
Cribb (1999) found that the antifeedant 
effect of azadirachtin on adults of 
Rhyzopertha dominica was effected when 
provided that 50% of the wheat grain was 
treated with an effective level of 
azadirachtin.  Jilani and Saxena (1990) 
reported that neem compounds were too 
complex to be synthesized for practical 

purposes. A significant reduction of food 
consumed by the 4th and 6th instar larvae 
of of the Spodoptera littoralis were 
treated with sublethal concentrations of 
Nimbecidine (0.03% Azadirachtin) 
(Ghoneim and Hamadah,2017). 

Azadrachtin was originally isolated 
owing to its outstanding antifeedant 
effect against the desert locust, 
Schistocerca gregaria and this finding 
ushered in the concept of non-toxic crop 
protectants based on feeding deterrence 
(Isman, 1994). Azadirachtin and 
Azadirachtin–based insecticides were 
also found to be antifeedant effect on 
coleopteran and lepidopteran insect 
species infesting stored-products (Jilani 
and Saxena 1990; Gerard and Ruf 1995; 
Muda and Cribb 1999). The repellent 
effects of these insecticides against 
coleopteran species were demonstrated 
as well (Jilani and Mali 1973; Jilani and 
Saxena 1990; Ban et al., 2000; Kayode 
and Adanlawa, 2002). 

Certin biochemical parametar 
representing liver function were assayed 
in along with histopathlogically 
examinations. Results obtained showed 
that activities of tested enzymes and 
bilirubin serum of birds tested with 
neemix and ivomic were significantly 
elevated. These results were ensured by 
histopathological examination which 
showed hepatic toxicity. Wilkinson, 
(1970) reports that GPT (ALT) is more 
specific indicator for liver damage and 
bilirubin is of particular interest in 
quantifying hepatic damage (Hayes 
1989). Eweis et al. (1995) found that 
plasma of rats received ivermectin in 
drinking water for 4 weeks, at 
concentrations equivalent to (0.1 –0.5) 
LD50 showed affected levels of GOT and 
GPT. According to Burtis and Edward 
(1994), tests of hepatic function include 
those of hepatic synthetic function (e.g. 
determination of albumin), metabolic 
function (e.g determination of bilirubin) 
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and excretory function (e.g. 
determination of substances released 
from damaged tissues such as GOT, GPT 
and alkaline phosphate). The possible 
mechanism involved in the elevation of 
transaminases e.g. GLT may be due to 
tissue damage (Korsrud et al., 1972). The 
activity of hepatic enzymes e.g. GLT and 
alkaline phosphatase released in the 
blood by the damaged liver is one of the 
most useful tools in the study of 
hepatotoxicity (Hayes, 1989). Hence, liver 
function impairment of treated japanese 
birds might be induced. Ivermectin 
(Ivomic) caused hepatic damaged and an 
altered liver enzyme, as well as, 
histopathological changes in liver has 
been noticed, while vitamin C show 
ameliorative to the toxic effect of 
ivermectin positively (AL-jassim et al 
2015). Ivermectin caused cleft palates in 
mice and rats at oral doses of 0.4 and 10 
mg/kg/day respectively, and cleft palates 
and clubbed feet in rabbits dosed at 3 
mg/kg/day (Kirkland, 2018).  The results 
of study demonstrate that subchronic 
oral administration of abamectin altered 
some biochemical parameters which 
correlated with histopathological 
changes (Abd-Elhady and Abou-Elghar 
2013). The repeated administration of 
Ivermectin injection formulation at five 
times the recommended dose is fatal to 
donkeys (Ismail et al., 2013).     

FAO, (1995) reports: a dose of 0.12 
mg/kg b.w. of abamectin per day to rats 
(two generations study of reproductive 
toxicity) is the level that cause no toxic 
effect. Metabolism may be one of many 
factors responsible for the low 
mammalian toxicity of avermectins at the 
concentrations needed to kill 
arthropodes. Abamectin and Ivermectin 
were found to be metabolized by rat liver 
microsomes (Zeng et al., 1996b). The 
compounds and their metabolites are 
excreted mainly in the feces and they do 
not readily more from the site of dung 
deposition because of their low solubility 

in water and their binding to organic 
matter (Wratten and Forbes 1996).  
Balligar et al, (2014) study the effect of 
azadirachtin on the liver function in rats, 
they found decrease in total protein and 
albumin levels, whereas a significant 
increase in BUN, AST, ALT, and ALP 
levels were noticed compared with the 
control. 

The results obtained showed that the 
concentration of 1/100 and 1/500 LD50 caused 
significant decrease in egg laying rates 
for adult Japanese quail (Coturnix 
coturnix  japonica) for 21 days. This 
result was agreement with (El-Zun et al., 
2016), they found the adult  of Japanese 
quail (Coturnix coturnix  japonica) treated 
with Pirimiphos-methyl levels of 1/10, 1/100 
and 1/1000 LC50, for 21 days at dietary 
caused significant reduction by 58.6 and 
44.8 % at 1/10 and 1/100 LC50, respectively.   
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او ات ال ع ال اد ل ا الإ ة ضة واال ة ال اء  ل ف ا وخ اء الل ف خ
ع ان  ال ائ ال ة على  اتها ت ال   وتأث

 

فى ال ام م ي ،  )١(ه اء،  )٢(ش ال ال ل عل   ،  )٣(غاز  ع ال
لام سال  )١(ع ع ال

ونة  )١( اد ال ب وال ث آفات ال اتام –ق  ة ال ث وقا ة –ت عه  را ث ال  م ال
ات الآفات  )٢( راعة  –ق م ة ال خ –ل ف ال   جامعة 
ان  )٣(  م  –ق عل ال ة العل خ –ل ف ال  جامعة 

ى ل الع   ال
 ــ ــى ت ونــة وال ب ال ــ ات ال ـــ عــ ح ــة  اف ــات م ع آل ادیـــة لــ فـــاءة الإ ــ ال راســـة تق ه ال ف هــ ه  اســـ

ائ  ـــاجفادحخ ــا ة فــى الإن ـــاء الل ف ــل خ ل م قـــ ب وال ـــ ون مــ ال ــ فو  C. maculatus     ال ـخ ــعـــ    اء ال
T. granarium ا ال رةل ا ـــد ت تق ـــوفى ه ــ ــة الآفــات ال اف ــة فــى م ة حــادة وهــي  ات الأت ــات ذات ســ م

عــى  ــ أصــل  ــاً م ات وهــى غال ــ ــى ال ــ موهــى الأفعل ــة وذل ــات ال ث ) وال م ــ ، الإف ــام ــات (الأ
. ل ن والأك لاث ض وهى ال مة فى نف الغ ة ال قل ات ال ال قارنة    ال

ا ت تق ــانع  ك وف ح تــ دراســة فعلــه  ع ات ال ال ج م ن ــةلم  على الأزادرخ ال  غ
ات راسة. ع دراسة تا   .ال اد ت ال ات وال لة لل ة ال ة وال ج ل ات ال أث د  ال ــ ا ال وفــى هــ

ان  الأزادرخ أو ا ر ال ة ع  الف للإاج معاملة  عا ة م م عات ی م  ـف ــل  ٢١ة ـــــ م،  یــ
عــة تعــادل  ة القاتلــةمــ  ١/٥٠٠ أو ١/١٠٠ج ــ عــة ال ــ الأ LD)50( ــة ال ــ ثــ تق ــائف ال ــارة علــى و ثــار ال

جى.م  ل اث الف اله   اً ذل 
ها وجــ أن  ل عل ائج ال ل ال ــاتو م عــة الأف ــات م ة  لهــا م ــ ات ال ــ لــة علــى ال ة معق ســ
ة قل ات ال ة ال اناً على س ق أح ى تف ــاء  وال ف ا وخ اء الل ف صاً ض خ ل خ ن والأك لاث ل ال ة م ال

ــات  ث ــة أشــه أمــا ال ان ــ مــ ث لاً وصــل الــى أك ــ ــاً  اً م ــات تــأث ه ال ت هــ هــ ــ أ ــ مــ ذل . والأك ــع ال
ــف لهــا ــار ال ة أع ق ف وفة  ع ة وال حــة ال ف ــة ال اً  فــي ال ت تــأث هــ ــاً خاصــة ضــ فقــ أ لاً أ ــ ــاً   م

ات لهــا خ ــ ض ال هــا تعــ ــى اجــ ف وف ال ــ عــة ال جــع ذلــ الــى  ــا ی ــا ور اء الل ف ة خ ــام  صــاً ح ــلام ال الإ
ل. ع ها  داخل ال ات  أ ــ ــ ت ا) ع ــاب ــع (ال ــاء ال ف قــات خ ــة ضــ ی غ اً مانعــاً لل اً ج  ١٢٥ الأزادرخ تأث

 ــ ب معاملــةاملل ــ ات فــى . و م/ك ح ا وث اضــ م الــى حــ ــ ــ أو الإف ــ الأزادرخ ان  ــ ر ال ــ أد معاملــة 
ــا إنــ  ــ فــى ن ــ مع ث تغ ــ إذ حــ ــائف ال ل GPTو ــ ال ا إرتفــاع م ــ ســفات القلــ  م ل، الف و فــى ســ ــ

جى إذ ل اث الف اله عاملة وق تأك ذل  ر ال ــ ال ة ال ــ ة فــى أن ض ات م د تغ ح وج ه ، ل ت هــ هــ ــا أ ك
اوحــ مــ  ــ ت عاملــة ب ر ال ــ ــ لل ل وضــع ال فــاض معــ ــاً ان عاملــة أ ــ  ٪٧٥إلــى  ٣٥ال ر الغ ــال مقارنــة 

 .معاملة
 

ادة ال    ال
ر أ أ.د/ ة الم  ب ـــــ عبرأف ب ث وقا ة  –ات ة  ا ثم   س
ا أ.د/ الغارج راعة     ل ال أب ة ال ة - ل     جامعة ال




