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Some essential oils namely, Garlic, Rose Mary, Mint, Thyme, Geranium, Jojoba and Moringa in 
comparison with Neem Azal T/S formulation were screened after 72 hr for fumigant activity against the 
cowpea beetle Callosobruchus maculatus F. under laboratory conditions of 27± 2ᴏC, 65±5 % R.H. and 
16:8 L:D photoperiod. Responses varied according to the kind of essential oil (ESO) and the 
concentrations used. In the fumigation tests, garlic, rosemary and mint gave 100% mortality to all the 
individuals and for all the concentrations used after 72 hr. Whereas, Thymes, Geranium, Jojoba and 
Moringa gave 88, 76.66, 66.67 and 50 % mortalities for the above mentioned ESO used at 3% 
concentration and after 72 hrs. Neem Azal T/S gave 43.34% mortality at 0.3 % compared with 8 % for 
control. The obtained data clarified strong insecticidal activity of Garlic, Mint and Rosemary in fumigation 
test even at lower concentrations. Garlic was the most potent oil used. The LC50 values were arranged 
ascending as follows: Garlic< Rosemary< Mint< Neem< Thyme< Geranium < Jojoba< Moringa. 
Whereas, LC90 behaved different from LC50 where rosemary oil was the most potent against the cowpea 
beetle. Moringa oil was the least effective one against C. maculatus adults.The most efficient oils used in 
the present study had significant biological efficacy against the adult beetles. Using LC50 values 
decreased the female and male longevities significantly in comparison with the control for all oils used. 
Also, the fecundity and percentage of adult emergence were significantly reduced in comparison with the 
control.  Mixing each potent essential oil used individually at LC25 with Neem Azal T/S   show that both 
male and female longevities were decreased significantly in comparison with the control. Also, all the 
biological aspects studied were significantly reduced. The ESO studied have potential for application in 
IPM program for stored product pests because of their high volatility and fumigant activity. 
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INTRODUCTION 

The global post –harvest grain losses caused 
by insect damage and other bio-agents range 
from 10 – 40 % (Raja et al., 2001; Ogendo et al., 
2008). The majority of these pests have the habit 
of destroying the seeds or grains more than what 
they eat. Accordingly, stored products are 
subjected to post harvest loss in quality and 
quantity due to infestation by different groups of 

insect pests. Control of these insects depends 
mainly on the use of synthetic insecticides such 
as pyrethroids, organo phosphorous compounds 
and fumigants such as phosphine and methyl 
bromide ( Kljajic and Peric, 2006 and Islam et al., 
2010).These chemicals are simple and cost 
effective but their massive use caused several 
problems, mainly resistant strains of insects and 
environmental pollution with negative side effects 
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on human health and on different arthropods, 
disrupting biological control system by natural 
enemies and led to outbreaks of secondary insect 
pests ( Desneux et al., 2007, Pimentel et al., 
2009, Islam et al., 2010 and Ali et al., 2012). In 
order to eliminate  the effects of chemical 
pesticides , bio pesticides based on essential oils 
(EOs) appear to be a complementary or 
alternative  safe method in crop production and 
integrated pest management ( Tripathi et al., 
2009, Werdin Gonzalez et al., 2011 & 2013, 
Yousef et al., 2018). ESo showed toxic, repellent 
and antifeedant effects on stored product insects 
(Regnault-Roger, 1997; Isman 2006; Regnault-
Roger, 2013). Despite these promising properties, 
problems related with EO volatility, poor water 
solubility and aptitude for oxidation have to be 
resolved before they are used as an alternative 
pest control system (Moretti et al., 2002). 

Callosobruchus chinensis (L.) is a serious 
pest of chickpea, mung bean, peas, cowpeas, 
lentil and ashar. The most efficient method of 
controlling this insect pests relies on the use of 
insecticides either directly applied to grains or by 
gas fumigation, many of which act on the insect 
nervous system. Pulse beetle is being an internal 
feeder cannot be controlled with insecticides. 
Fumigation is the most effective method in insect 
pest elimination in stored products. Currently, 
phosphine and methyl bromide are the two 
common fumigants used for stored product 
protection all over the world. However, because of 
its ozone depletion potential, methyl bromide is 
being prevented out completely (Rajendran & 
Sreanjini, 2008). 

Recently, there has been a growing interest in 
research concerning the possible use of plant 
extracts as alternative to synthetic insecticides. 
Plant essential oils may act as fumigants, contact 
insecticides, repellents, oviposition deterrents and 
anti- feedants ( Weaver and Subramanan, 2000;  
Kim et al., 2003;, Dimetry et al., 2003,  Dimetry et 
al ., 2007,  Negahban et al., 2007 and Hafez et 
al., 2014). Plant products are receiving great 
attention as prophylactics against stored product 
pests, mainly because of their presumed safety to 
non- target organisms. Acorus calamus rhizomes, 
C. capsularis seed, T. neriifolia seed and Z. 
cassumunar rhizomes have been reported as 
effective protectants against several stored 
product pests (Kim et al., 2003; Hassan et al., 
2006; Yao et al., 2008. 

Toxicity studies on mixtures of different 
essential oils or their constituents against stored 
product insects to demonstrate additive, 

synergistic or antagonistc effects are rare. Don-
Pedro (1996) noticed an additive effect of 
individual components of citrus peel oil (+) –
limonene g-terpeneol, terpinoline a-terpeneol, n-
decyl alcohol against C. maculatus adults. 

Previous researches have shown that 
essential oils and their constituents may have 
potential as alternatives to currently used 
fumigants (Singh et al., 1989; Regnault-Roger et 
al, 1993; Haung et al., 2000; Lee et al., 2001 and 
Dimetry, 2014). The objective of the present study 
is to elucidate the fumigant toxicity of some 
essential oils either alone or in mixtures against 
the cowpea beetle C. maculatus (F.) Also, the 
biological efficacy of these oils against the adults 
beetle was evaluated under laboratory conditions. 

 
MATERIALS AND METHODS 

Laboratory culture 
The cowpea beetle “C. maculatus” adults 

were obtained from naturally infested cowpea 
from the ministry of Agriculture. The beetles were 
reared on clean and un-infested cowpea seeds in 
glass containers one liter capacity at 28±2°C., 
65±10 % R.H. and at 14:10 L:D photoperiod. The 
insects were reared in the laboratory to obtain 
several generations. Before using, cowpea seeds 
were heated in an oven at 65- 70ᴏC for 5 h to kill 
microorganisms or any other form of pests.  Newly 
emerged adults 0 – 2 days old from both sexes 
were selected for the different experiments. 

Essential oils used: 
The different essential oils used were 

obtained from Pharmaceutical Department, 
National Research centre. They are, garlic, 
rosemary, mint, thymes, geranium, gogoba. 

Neem Azal T/S formulation was kindly 
obtained from Dr. Kleeberg, Lahnau, Germany 
and Moringa oil was obtained from Prof. Dr. 
Aboelfetoh M. Abdalla Professor at Technology of 
Horticulture Crops Department, National 
Research Centre. 

Bioassay studies 

Fumigant toxicity of the essential oils used 
In a preliminary experiment different 

concentrations for all oils were used against the 
tested pest (3, 2, 1.5, 1%). 

The fumigant toxicity test was carried out 
according to the method described by Sahaf et al., 
(2008) with some modifications. A range of 
different concentrations of each group of oils were 



Dimetry et al.,                                                  Potential of Some Essential Oils against the Cowpea Beetle                                             

 

                                                       Bioscience Research, 2018 volume 15(3):2364-2373                                       2366 

 

prepared by adding two drops of Tween 80 to 0.5, 
0.25, 0.125 and 0.05% for garlic, rosemary and 
mint (group 1). 3, 2, 1.5 and 1 % for thymes and 
geranium oils (group 2). However the 
concentrations were increased to 4, 3, 2.5 and 2% 
for jojoba and moringa oils (group 3). In neem 
formulation the concentrations used were 0.4, 0.3, 
0.2 and 0.1%.   What man No 1 filter paper (5cm 
in diameter) was impregnated with 0.25 ml of 
each oil with different concentrations. The treated 
filter papers were then air dried for 15 minutes to 
evaporate the solvent completely then attached to 
the under surface of the screwcap of plastic cups 
with volume of 125 ml. where it was inaccessible 
to insects. The caps were screwed tightly on the 
cups each of which contained 10 adults two days 
old. Control insects were kept under the same 
conditions without treatment. Each concentration 
and the control were replicated five times. 
Mortality of the adults was assessed after 72 
hours from oil exposure period. When no legs or 
antennal movements were observed, insects were 
considered dead. Mortality was corrected 
according to Abbott’s formula (1925). LC25, LC50 

and LC90 of each tested oil used were determined 
by probit analysis method of Finney (1971), by 
using LDP line software. All experiments were 
performed under laboratory conditions mentioned 
before. 

Biological Experiments 

Effects of the most potent essential oils on 
some biological aspects of C. maculatus 
adults 

In this experiment,  one pair of newly emerged 
adults was  put in plastic cups with volume  of 125 
ml together  with cowpea seeds.LC50 value of 
each selected essential  oil was prepared by 
adding two drops of Tween – 80 and a filter paper 
Whatman No 1, 5 cm diameter was impregnated 
with 0.25 ml. of each oil with the selected 
concentration. The impregnated filter papers were 
attached to the screw caps of the plastic cups as 
mentioned before. Experiments were carried out 
at 28±2ᴏC. and 65 ±10 % R.H and 16:8 L:D 
photoperiod. Mortality was assessed 72 hours 
after treatment.  Also, longevity of both males and 
females were recorded. The fecundity of the 
females as well as the percentage of emergence 
of the adults was calculated. 

Effects of mixed potent essential oils with 
Neem- Azal T/S on some biological aspects of 
C. maculatus adults 

In another experiment,   The most effective 
ESo were selected and a mixture of LC25 of neem 
together with LC25 of either garlic, rosemary or 
mint were biologically evaluated against C. 
maculatus adults under laboratory conditions 
mentioned before. 

Data analysis 
Mortality percentages were calculated by 

Abbott Correction formula for natural mortality in 
the untreated control (Abbott, 1925). LC50 values 
were calculated by using the probit analysis 
method of Finney (1971). All data analyses were 
performed using SPSS version14.0 (SPSS, Inc., 
Chicago IL).   
 
RESULTS AND DISCUSSION 

Preliminary results of the tested oils under 
investigation 

In a preliminary experiment the data obtained 
show that some oils (garlic, rosemary and mint) 
are the most potent oils used for the control of the 
cowpea beetle. Under, the least effective 
concentration used (1%), 100 % mortality was 
obtained after 72 hr. The other oils tested thymes, 
geranium, jojoba and moringa resulted in lesser 
percentages of mortalities even at the highest 
concentration used (3%) and moringa oil was the 
least effective oil, where the percentage of 
mortality decreased greatly to 17.14 % only at 2% 
concentration. Dimetry and El- Behery ( 2018) 
found that in non-choice test, mortality of C. 
maculatus adults increased significantly as the 
concentration of moringa leaf powder decreased 
to 0.1 gm. Increasing the concentration of moringa 
leaf powder to 1.0 % decreased the mortality of 
the adults to 61.59 %. Neem Azal T/S at 0.3% 
gave 43.34 % mortalities between the adult 
beetles after 72 hrs. 

The present findings are in agreement with 
Pichersky and Gershenzon (2002) who stated that 
the plant based compounds have natural pesticide 
activity because they contain certain bioactive 
compounds that prevent them from being eaten 
by herbivores.  Also, Zibaee et al., (2016) and Lee 
et al., ( 2004)ascertained the present data  as 
they reported that a significant increase of the 
adults mortality was observed between the stored 
product pests studied  with increasing doses ( 
P<0.01) of eucalyptus oil. C. maculatus   is the 
most serious pest of stored cowpea crop "V. 
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unguiculata (L.) Walp in Egypt and throughout the 
tropics (Ahmed et al., 2007; Dimetry et al., 2007). 

Efficiency of the tested essential oils against 
C. maculatus adults   

Results obtained in Table (1) show that in the 
group (1) (garlic, rosemary and mint), garlic was 
the most efficient oil where the percentage of 
mortality was 74% at 0.5% concentration. This 
value decreased as the concentration of the ESo 
decreased. Mint was the least effective where 
mortality between adults decreased to 25 % 
compared with 41.02 % for adults using garlic at 
0.05 % concentration of the oil. The present 
findings are in agreement with Lee et al., 2008, 
Chu et al., 2011 who reported that ESo are phyto 
chemicals such as monoterpens and 
sesqueterpenese and contain a large number of 
components with large insecticidal activities.    

Taking in consideration group (2) and (3) of 
essential oils used (thymes, geranium, jojoba and 
Moringa), they were not so effective as the oils 
present in group (1). The least effective ESo used 
against adult beetles was moringa oil. The 
percentage mortality between adults for moringa 
oil was 53.34% at the highest concentration used 
(4%) decreased to 17.14 % at 2% concentration. 
The percentage mortality between “C. maculatus” 
adults decreased as the concentration of the oil 
used decreased.   Also, using Neem Azal T/S at 
1/10 of the concentration of jojoba or moringa oil, 
neem Azal T/S gave mortalities between adult 
beetles nearly similar to the results obtained from 
the preceding oils (Table 1).    

Fumigant application of the tested oils was 
efficient in inducing mortalities to the tested 
cowpea beetles especially at higher 
concentrations. Several authors screened the 
effect of oils from different plant families against 
C. maculatus & C. chinensis. The results of the 
present findings are in agreement with those of 
Singh et al., (2002), Rahman and Talukder ( 
2006) and Hafez et al., 2014 who found an 
excellent knock-down effect of these oils on the 
beetles and a long –lasting effect. Insecticidal 
activity has been attributed to the triglyceride 
component and the oleic acid content (Hill& 
Schoonhoven 1981). 

Toxicity assessment of the tested essential 
oils 

The adult beetle” C. maculatus “applied with 
LC25, LC50 and LC90 of the different ESo used 
showed lethal effects at the different 
concentrations used. Garlic oil was considered to 

be the most poisonous oil for the adult beetles as 
it had the lowest LC25, LC50 values (0.0207 and 
0.1321 respectively). However, moringa oil was 
the least effective against the C. maculatus adults 
where the LC25 and LC 50 values were 2.144 and 
3.4163 respectively Table (2). This means that 
garlic oil gave mortalities to the adult beetles with 
more than 25 times effective in comparison with 
moringa oil. Rosemary, mint and neem 
formulation were also effective bio control agents 
for cowpea beetles where the LC50 values varied 
between 0.2448 to 0.3317 for rosemary and 
Neem Azal T/S respectively.  

LC90 value was a little bit different from either 
LC25 or LC50 values where rosemary was the most 
potent (LC90 was 1.8573) and moringa oil was 
the least effective one. These results are in 
consistent with Isman (2006) who indicated that 
ESo have been traditionally used to kill or repel 
insects. Also, previous studies indicate some 
plants have pesticidal properties which show anti 
feedant, repellent and contact and fumigant toxic 
effects on a wide range of insect pests and are 
easy and cheap to prepare (Isman, 2000, Owusu, 
2001, , Amoabeng et al., 2013, Dimetry et al. 
2014 and Stevenson, 2014). Also, Trivedi et al., 
(2017) evaluated the toxicity of 5 essential oils 
namely Cinnamon, Clove, Rosemary, Bergamot 
and Japanese Mint ESo against C. chinensis 
adults using fumigation strategy.  

Biological efficacy of the most potent 
essential oils against the adult cowpea beetle 
under laboratory conditions                                                    

Data obtained in Table (3) show the biological 
efficacy of the most potent ESo (garlic, rosemary 
and mint) compared with neem Azal T/S against 
the adult beetles C. maculatus. The results 
obtained from the present experiment show that 
garlic oil at 0.1321 ml/ml (LC50 value) was superior 
to the other oils tested where the male and female 
beetle longevities were significantly shorter ( 
3.0±0.21 and 3.5±0.7 days for male and female 
respectively in comparison to rosemary and mint 
longevities. The longevities of the control beetles 
without treatment (8.50±0.48 and 12.30±0.51 
days) for both sexes respectively was significantly 
elongated in comparison to the adults treated with 
the tested oils. Neem Azal T/S behaves similar to 
the tested essential oils against the adult beetles. 
Both male and female longevities were shortened 
significantly in comparison with the control.  The 
insects exposed to garlic essential oil and toxic 
compounds displayed altered locomotion activity 
and muscle contractions. The present findings are 
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in consistent with Angelica Plata-Rueda et al., 
(2017) who pointed out that the toxic compounds 
of garlic essential oil induced mortality in larvae, 
pupae and adults of Tenebrio molitor within a 
short period of time. An essential oil of quick 

action should be preferred for protection of stored 
products to be able to prevent feeding and avoid 
or reduce damage by insect pests (Isman, 2006 
and Martinez et al., 2015).  

 
 

Table (1): Efficiency of different concentrations of essential plant oils  
                     against Callosobruchus maculatus adults. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table (2): Toxicity of different essential oils against Callosobruchus maculatus adults under 

laboratory conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Explanations: Numbers in parentheses are related to the range

Plant oils used ( oil concentrations) 

  (%) mortality after 72h  

Group (1) (0.5) (0.25) (0.125) (0.05) 

Garlic 74 53.06 44.73 41.02 

Rosemary 65.38 54.54 30.76 - 

Mint 62.5 45 35 25 

Group (2) (3) (2) (1.5) (1) 

Thymes 88 60 44 35.48 

Geranium 76.66 46.67 43.34 33.34 

Group (3) (4) (3) (2.5) (2) 

Jojoba 72.41 66.67 61.29 26.67 

Moringa 53.34 50 36.67 17.14 

` (0.4) (0.3) (0.2) (0.1) 

Neem 58 43.34 33.34 22.58 

Control 10    

Plant oils  LC50 LC90 Slope ± SE P 
LC25 

Garlic 0.0207 0.1321 4.4711 
0.838±0.2643 0.3429 

 
(0.0006-0.0523) (0.0523-0.226) (1.2282-860.4522) 

Rosemary 0.0842 0.2448 1.8573 
1.4561±0.4550 0.4429 

 
(0.0128-0.1402) (0.1529-0.3562) (0.8477-42.1217) 

Mint 0.0571 0.28 5.7485 
0.9766± 0.2829 0.8206 

 
(0.011-0.1009) (0.1745-0.6972) (1.5392-591.4595) 

Neem 0.1248 0.3317 2.1261 
1.5885±0.4968 0.7521 

 
(0.0376- 0.1799) (0.2441-0.6352) (0.909-65.6258) 

Thymes 0.8815 1.4582 3.7947 
3.0856±0.5452 0.2072 

 
(0.6174- 1.0721) (1.2361-1.6808) (2.9392-6.2126) 

Geranium 0.8731 1.7276 6.3184 
2.2757±0.6905 0.4166 

 
(0.3-1.2012) (1.2906- 2.3069) (3.7654-43.7059) 

Jojoba 1.6503 2.4847 5.4067 
3.7955±1.1199 0.1758 

 
(0.8014- 2.0505) (1.9585-2.8696) (4.1056-14.1611) 

Moringa 2.144 3.4163 8.2794 
3.3336±1.0597 0.4094 

 
(1.2905- 2.5399) (2.9106-5.164) (5.3604-50.6364) 
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Again, the different oils tested affected 
seriously the fecundity of the females treated with 
these oils. The fecundity of the females present in 
jars treated with the different oils significantly 
reduced in comparison to the control.   Garlic was 
found to be the most effective oil where the 
fecundity of the females decreased to 11.84 ± 
1.40 eggs compared with 59.0±3.78 eggs for the 
control.  Also, rosemary oil at concentration of 
0.2448 ml/ml (LC50 level) reduced the fecundity of 
the female beetles in the same manner as in 
garlic oil where no significant differences exist 
between the fecundities of these two oils.  Mint oil 
also, decreased the total number of eggs laid per 
female (28.67±2.58) in comparison to the control. 
Neem Azal T/S formulation was significantly 
effective for reducing the number of eggs laid by 
C. maculatus adults (Table 3). Lal and Raj (2012) 
found that the four vegetable oils tested reduced 
egg laying and adult emergence of C. maculatus. 
Also, Hafez et al., 2014 recorded that both ethyl 
oil and Acorus calamus oils affected the 
longevities of both male and female C. maculatus 
adults in comparison to the control. 

Following up the development of larvae and 
pupae of the resulting progeny of C. maculatus 
inside cowpea seeds each treated with the 
different oils, the percentage of adult emergence 
was drastically reduced in comparison with the 
control. Maximum reduction of adult emergence 
was recorded in those insects treated with neem 
Azal T/S where the percentage of adult 
emergence decreased to 25.92 % compared with 
98.30 % for the control. The percentage of adult 
mortality was more than 50 % after 72 hours for 
all beetles offered the three tested oils compared 
with 8 % only for the control beetles. The present 
findings are in consistence with those of Schmidt 
et al., (1991) who recorded a lower number of 
offspring of C. chinensis emerged from treated 
seeds with A. calamus oil vapours than of control.  
Lakhanbal et al., (1995) reported that essential 
oils reduced fecundity and prevented emergence 
of C. analis that infest black gramme (Vigna 
mungo). Also, Dimetry et al (2003) reported that 
Acorus calamus oil prevented beetle oviposition 
on the sacks for five months while ethyl oleate 
prevented oviposition for two months. Rahman 
and Talukder (2006) found that some plant 
derivatives protect grain against the pulse beetle, 
suppress adult emergence of bruchids and also 
reduce seed damage. 

 Biological efficacy of mixed essential oils with 
Neem Azal T/S formulation against C. 
maculatus adults 

The effect of Neem Azal T/S alone and  three 
separated  mixtures of different oils ( Neem 
formulation + garlic, Neem formulation + 
Rosemary and Neem  formulation +mint at a 
concentration of LC25 with a ratio of 1 : 1 were 
screened against adults of C. maculatus . The 
data obtained in Table (4) show that the tested 
oils (garlic, rosemary and mint) in a mixture with 
Neem Azal T/S increased their potency 
significantly against the adult beetles where the 
female as well as the male longevities were 
shortened in comparison with the control. Results 
obtained from (Table 3) and (Table 4) show that 
mixing neem Azal T/S with mint oil increases its 
biological efficacy against C. maculatus adults. 
Both male and female longevities were greatly 
shortened in comparison of using mint oil alone. 
Also, the fecundity of the females decreased 
greatly in a mixture of mint + neem.  The total 
number of eggs laid per female was 14.87±2.91 
eggs for the mixture of garlic+ neem compared 
with 65.10±3.80 eggs for the control. However, all 
the different mixtures studied had insignificant 
effect between each other but they had significant 
effect in comparison with the control. The mortality 
percentage increased in case of mint + neem and 
Garlic+neem. Highest mortality was recorded with 
garlic + neem (64 %) compared with the lowest 
mortality (50%) for rosemary and neem. The order 
of biological efficacy of these mixtures was mint+ 
neem > garlic + neem > rosemary + neem.  Also, 
the percentage of adult emergence of the treated 
generation decreased greatly varied between 
48.55, 57.98 and 62.03 % for mint+ neem, garlic + 
neem and rosemary + neem respectively 
compared with 89.86 % for the control. 

The foregoing results are in agreement with 
Don-Pedro (1996) who found an additive effect of 
individual components of citrus peel oil {(+)-
limonene, g- terpeneol,  terpinolene, a- terpeneol, 
n-decylalcohol} against C.  maculatus adults. 
Also, Tembo and Murfitt (1995)  stated that mixing 
vegetable oils of ground nut, rape seed and 
sunflower with pirimiphos-methyl were effective 
than pirimiphos-methyl alone. He also observed 
that the vegetable oils and pirimiphos-methyl 
when applied alone at reduced rate were less 
effective than combined treatment. Talukder and 
Khanam (2011) ascertained the present results 
and showing that in some cases the mixture of the 
plant extract was more toxic than the individual 
products.  
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Table (3): Biological efficacy of some potent essential oils against Callosobruchus maculatus 
adults under laboratory conditions 

 

oils used Longevities (days) 
Mean no. of 
eggs/female 

(%)adult 
emergence 

(%)Mortality 
(72h) 

 
Female Male 

   
Garlic 3.50±0.17 d 3.0±0.21 c 11.84±1.40 c 36.61 56 

Rosemary 5.40±0.78 c 3.80±0.20 c 18.67±2.75 c 55.35 54 

Mint 7.40±0.87 b 5.20±0.72 b 28.67±2.58 b 28.48 52 

Neem 4.30±0.30 cd 3.50±0.26 c 18.00±1.00 c 25.92 52 

Control 12.30±0.51 a 8.50±0.48 a 59.0±3.78 a 98.30 6 

F-value 35.334** 27.071** 55.381** - - 

Mean (±SE) values with different letters within the same column are significantly different (P˂0.05) (ANOVA) (Duncan 
test) ** = Highly significant 

 
Table (4): Biological effects of mixing neem Azal T/S with some potent essential oils against Callosobruchus 

maculatus adults under laboratory conditions 
 

Mixtures used    longevities (days) Mean no. of 
 eggs/female 

(%)adult 
emergence 

(%)Mortality 
 (72h) 

     Female  Male      

Garlic+neem 3.30±0.33 c 2.10±0.23 c 14.87±2.91 b 57.98 64 

Rosemary+neem 4.90±0.31 b 4.10±0.17 b 18.70±2.71 b 62.03 50 

Mint+neem 4.00±0.36 bc 3.50±0.30 b 17.30±4.08 b 48.55 54 

Control 10.60±0.40 a 8.90±0.27 a 65.10±3.80 a 89.86 8 

F-value 88.018**                                            135.466 **  48.909** - - 

Mean (±SE) values with different letters within the same column are significantly different (P˂0.05) (ANOVA) (Duncan test) 
** = Highly significant 

 
 Also, Joana and Daniel (2010) concluded that 

pure neem oil, mixture of neem and moringa oils 
could be used for the preservation of cowpea. 
However, if only moringa oil is to be used, the 
concentration should not be less than 1.5 ml/200 
gm cowpea seeds. Combination of plant essential 
oils with neem potentiated each other and 
inhibited or delayed build up of resistance. Hafez 
et al., (2014) ascertained the present findings and 
showed that treatment of mungbean seeds with 
different plant powders either plant leaves or 
neem seed formulation, induced serious efficacy 
on the different biological aspects of C. maculatus 

adults at the highest concentration tested. 

CONCLUSION 
The fumigant toxicity of some essential oils 

and their mixtures with Neem Azal T/S has been 
evaluated against the cowpea beetle C. 
maculatus adults under laboratory conditions. The 
obtained results focus on the prospects of 
essential oils as bio-insecticides for stored product 
pest managements. The studied EOs show 
insecticidal and biological efficacy against the 

cowpea beetle. The essential oils are a complex 
of chemical compounds with different modes of 
action that enhances their activity due to the 
synergistic action between constituents.  Due to 
their volatility in nature, EOS are used as a 
fumigant against stored product pests. They are of 
less toxicity, environmental persistence and 
ecofriendly. They are more selective and 
biodegradable products and have potential for 
pest control and could be of both economic and 
ecological benefits. 
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