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Abstract: Efficacy of botanical oils and microbial agents (bacteria and fungi) on the broad bean beetle,

50Bruchus rufimanus were investigated in laboratory and field. The LC  of the fungi Beauveria bassiana,
Metarhaizum anisopliae and Verticillium lecanii, were 141, 138 and 146 spore/ ml, respectively. While, in

50case of Bacillus thuringiensis, the LC  was 176 ug/ml, under laboratory conditions. Accumulative mortality
percentage of B. rufimanus beetles increased gradually by increasing the period of exposure to foam treated

with the different tested oils. Nigella oil had the highest accumulative mortality (74.2%), followed with
mustard (60.1%). While the cumulative mortality in case of clove and onion oils were almost equal with,

33.7 and 30.9%, respectively. Mustard and nigella oils had strong repellent activity, reached ( 51% and
49%), respectively after 7 days and proved the almost persistent and stable ones during the whole

experimental period (7days) as compared with other oils. The reproduction of beetles was greatly reduced
by nigella and mustard oil vapors treatments. The reductions in the mean number of eggs/& scored 90.5%

and 75%, respectively. While, clove and onion gave moderate reductions, 66% and 55%, respectively.
Nigella and mustard oils acted not only as oviposition deterrents but also adversely influence the fecundity.

In field, B.bassiana and M. anisopliae fungi and mustard and nigella oils treatments gave the highest
protection to broad bean against B. rufimanus infestation. Up to 60 days the infestation percentages did not

exceed, 13%, 15 %, 20 and 20%, respectively . In general, the results of the study showed that the weight
loss for treatments was increased with the increase of the storage period. The highest percent of seed

damages was recorded in the untreated plots. After 5 months, B.bassiana, M.anissoplia, mustard and nigella
treatments had a significantly lower percent of grain damage and lower seed weight loss (10%, 15%, 17%

and 22%), respectively.

Key words: Broad bean beetle, Bruchus rufimanus ; Plant oils (clove, mustard, nigella and onion); Bacillus
thuringiensis; Beauveria bassiana; Metarhaizum anisopliae; Verticillium lecanii.

INTRODUCTION

    Broad Bean, Vicia faba L. is widely grown in Egypt

forming the main source of protein. Bruchid beetles
(Coleoptera: Bruchidae) attack legume seeds and cause

severe damage in the quality and quantity of the crop.
They attack broad bean before or during harvest as well

as in storage causing a serious damage (10 ; 4 and 25 ).
Bruchus rufimanus (Boh.) is an univoline species start

infestation on broad bean pods in the field. After
harvest, the infested seeds were transmitted to stores

where development of beetles is completed  and .[8] [6]

There after, the beetles move to bean fields from trash

beans left in sacks or harvesters and  planters
equipments.  Beetles usually, migrate from store house

to broad bean fields in mid to late March, but this insect
is not a storage problem .  Feeding starts on pollen and[10]

petals mating takes place wherever and eggs are
deposited on green buds . [11]

   There is growing interest in the exploitation of

naturally occurring entomopathogenic microorganisms
for the control of crop pests. Biological control agents

(BCA) may offer more environmentally safe alternatives
to chemical pesticides. They could be also used where

pests have developed resistance to conventional
pesticides. Today a many entomopathogens are used for

the control of invertebrate pests in glasshouses, row
crops, orchards, ornamentals, stored products and

forestry .[17]

  Essential oils may have attractive or repellent effects

and in some cases they showed an insecticidal action
against insects. Essential oils isolated from plants and

consisting of cyclic and monocyclic mono-terpenes are
effective repellents against insects .[22]

   The present work aimed to explore the protective
capacity of some botanical oils and microbial agents

(bacteria and fungi) against   the broad bean beetle, B.
rufimanus in laboratory and field.   
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MATERIALS AND METHODS

Insect Rearing: The broad bean beetle, Bruchus

rufimanus (Boh.) were reared in plastic pots ( 20 x 20
x 17 cm ) containing soil (sand and clay in equal parts)

under laboratory conditions 28 ± 2 EC and 70-80% RH.
Each pot was covered with muslin cloth to avoid

escaping of adult beetles.

Tested Oils: Four tested oils were tested, namely: onion
oil, mustard oil, clove oil and nigella oil. The pure

tested oils were commercial samples obtained from
Aldrich Chemical Co. Ltd, Germany.  The tested oil

emulsions were prepared as follows: 5 drops of "Triton
X-80 as emulsifier was mixed thoroughly with 5ml of

each tested oil, then water was added to obtain the
desired concentrations (0.2, 0.5, 2 and 3 %) in percent

of (v/w). The emulsifier was mixed at the corresponding
concentrations and used as check.

Bioassay Procedures:

Repellency Test: The experiments were conducted in an
arena in choice test. Disc of filter paper (Whatman

No.1)  was  treated  with  the tested oil at concentration
1 % and placed in cell A. while filter paper treated with

distilled water and emulsifier only as control was placed
in the cell B. twenty newly emerged beetles were

introduced into each arena . After 1, 2, 3, 4, 5, 6 and 7
days,  the  number  of beetles present in the cells (A

and B) were recorded. The percentage of repellency
values  were  calculated  using  to  the  equation   D=

(1-T/C) X 100, according to Lwande et al., , where T[18]

and C represented the mean number of beetles in cell A

and B.

The Persistent Activity of Tested Oils: Experiment
was designed to test the initial as well as the persistent

effect of the tested oils on beetles as cumulative
mortality during successive intervals (0, 2, 4, and 7

days). Foam granules about 1cm in diameter were
treated at time ( zero time) with tested oils, dried and

provided with heat sterilized bean seeds ( 100g/each)
fastened, each, with a string. Then all treatments were

used immediately as non-choice test. The foam granules
treated with the tested oils were mixed with bean seeds

(2g foam/100g seeds) according to Abd El-Aziz .[3]

Ovipositional Deterrent Effect of Tested Oils (No
Choice Test): To evaluate the oviposition deterrent of

the tested oils, a pair of newly emerged beetles, B.
rufimanus was placed with treated or untreated broad

seeds in glass jars (250 cc capacity) covered with
muslin. The beetles were left to lay eggs, and then the

deposited eggs were counted on the seeds in the treated
and untreated jars. Each experiment was repeated five

times, Abd El-Aziz and Ismail . The number of[2]

deposited eggs was used as a criterion for the evaluation

of reduction percentages.

Reduction %=

[100 – No. of deposited eggs in treatment] X 100
     No. of deposited eggs in control 

 
The percent reduction is an index of effectiveness

of the applied oils in reducing infestation and was
calculated according to, Su .[26]

Isolation of the Fungus Verticillium lecanii: The

fungus V. lecanii were isolated from the dead and/or
infected larvae and pupae of B. rufimanus and stored

individually in tightly closed sterilized vials refrigerator
at 4 EC. Refrigerated individuals were examined through

24-48h from the time of storage. Then dipping in 2%
sodium hypochlorite for 3-5 min then washing with

sterile distilled water. Isolates were sub cultured on
nutrient PDA. Medium isolates were identified at N.R.C.

Microbiology Department.  The spores of V. lecanii
were collected from the surface of mycelium growth.

The original culture of V. lecanii was 8X10 spore/ ml,7 

0.5 suspended in 100ml of distilled water plus 2 drops

of emulsifying agents (Tween-80). This gave rise to
concentrations of 8X10  spores/ml. the suspension for7 

the pathogen undergo 1-2 fold dilutions 6 times.

Effect of the Microbial Control Agents: Two kinds of
commercially prepared fungi, B. bassiana (Biovar ) and

M . anisopilae (Bionaz )and an isolated one, Verticillium
lecanii. Beside, isolated Bacillus thuringiensis(Bt) were

used to test their activities on B. rufimanus adult beetles.
The dead larves of B. rufimanus were collected from the

clony. The pathogen were isolated according to Salama
et al . The fungi were diluted in distilled water (v/v)[24]

to obtain six concentrations (16, 8, 4, 2, 1and 0.5 x107

spores /ml) at the rated 16.5x10  spore/ml. While in case7

of Bt the tested concentrations were (500, 250, 125, 63,
32 and 16 ug/ml) (w/v). The green beans pots were

sprayed by tested concentrations of fungi or Bt and left
to dry under laboratory conditions.  Control treatment

was made by feeding the larvae on untreated green
beans pots (sprayed by water only).  The percentages of

mortality were counted and calculated according to

50 Abbott , while Lc were calculated through probit[1]

analysis  according to Finney . The experiments were[12]

carried under laboratory conditions; 26 ± 2  C and 60-o

70% R.H.

Field experiments:
       Since the infestation of B. rufimanus starts in the

field, control methods should aim at reducing the
population in the field before the larvae penetrate the

seed. Field experiment was carried out in the 
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Experimental Farm of National Research Centre at El-
Noubareia, Behera governorate. The beans were
cultivated at the 15th   of November, normal agricultural
practices adopted. The seeds were sprayed with the
different plant oils at 3 % concentration, while the fungi
were applied at the concentrations of 16X10  spores/ml,7

left to dry for 15 minutes before sowing .When the
green pods were formed, the plants were sprayed at two
weeks intervals till the end of the experiment. The
control treatment was sprayed with water only.  Each
experiment was replicated four times. Fifty green pods
were collected randomly from each replicate when pods
were formed on host plants and till harvest every week.
Seeds were examined in the laboratory and divided into
infested and none infested ones. The percentage of
infestation was calculated after, 20, 40, and 60 days.
Weekly field samples of green pods were collected
randomly from each plot until harvest. The green pods
were put in paper bags then transferred to the laboratory
for examination.  

Effect of Storage Period on Weight Loss: To
determine the impact of storage period on weight loss in
the studied cultivars, samples of seeds were tested and
as previously mentioned above after harvest and weight
loss was calculated according to Harris and Lindblad :[14]

Weight loss %= (wu x nd) - (wd x nu) X 10
         Wu (nd + nu)

Where 
Wd= weight of damaged seeds
nu= number of undamaged seeds
wu= weight of undamaged seeds 
nd= number of damaged seeds 
The same procedure was done after, 1, 2, 3, 4 and 5
months after harvest. Data were subjected to analysis of
variance (ANOVA)and means were compard by a least
significant different test.

RESULTS AND DISCUSSIONS

50Data in (Table 1) showed that the LC  for B.
bassiana, M. anisopliae and V. lecanii, were 141, 138
and 146 spore/ ml, respectively. While, in case of B.

50thuringiensis, the LC  was 176 ug/ml, under laboratory
conditions. The same results were obtained by
Sabbour  and Ismail and Sabbour . [23] [15]

The  Persistent  Activity  of Tested Oils: Data in
Table (2)  indicated  that accumulative mortality (%) of
B. rufimanus beetles increased gradually by increasing
the period of exposure in case of treated foam with 

different tested oils. Nigella oil had the highest
cumulative mortality (74.2%) followed by mustard with
(60.1%). While the cumulative mortality (%) in case of
clove and onion oils were almost equal (33.7 and
30.9%), respectively. There was no obvious effect on
adult mortality during the next storage intervals. But the
same oils had significantly reduced the beetle's
fecundity.  In this respect, Chander and Ahmed [7]

applied different doses of the essential oil of Acorus
calamus to seeds of green gram Vigna radiata ( Wilcz)
to protect them against Callosobruchus  chinensis and
found that 1ml/Kg offered a high degree of protection
up to a period of 135 days. Prolonged protection of the
seeds was mainly due to a high adult mortality besides
reduced oviposition and low hatching. Foam sprayed
with clove oil (5%) and placed between sacks caused
the highest mortality (66.6%) of C. maculatus as
compared with treated sacks or foam inside sacks
(63.3% and 42%, respectively) after 6 days of storage[3]

.The same results were obtained by Chander and
Ahmed ; Saxana et al. , Surabaya et al.  and[7] [25] [28]

Maheshwari et al. .[19] 

Repellency Test: Distribution of the beetles (in choice
test) soon after their placement in the central of arena
and for 7 consecutive days was illustrated in (Fig 1).
The majority of beetles moved toward the control cell
after a few minutes of exploration in case of mustard
and nigella oils. Clove gave 51% repellency during the
first day and once there, the repellency decreased
sharply. Mustard and nigella oils had strong repellent
activity after 7 days ( 51% and 49%), respectively and
indicated  the  more  persistent  and  stable  during all
the  experimental  period (7days) as compared with
other oils. 

In this respect, Nigella sativa leaf extract in water
was reported to show insecticidal and repellent activities
against the Japanese beetle, Popillia japonica . In a[20]

choice test, filter paper strips treated with A. calamus oil
at 200, 400 or 800 µg/cm² repelled Tribolium castaneum
adults during the first 2 weeks, there after repellency
decreased more rapidly, than neem oil . Abd El-Aziz[16]

and Ismail , tested the repellent effect, oviposition[2]

deterrent and protectant effectiveness of three plant oils
(Nigella, Frankincense and Pumpkin) on the bean
bruchids, B. incarnatus beetles. Nigella oil gave 45.5
and 40.2 % repellency during the first and second days,
respectively and once there, the repellency decreased 

Table 1: Effect of m icrobial control agents against B. rufimanus (Boh .)  under laboratory condition.

50Type of bioagent Lc slope variance 95% confidence limits

B. bassiana 141 0.001 0.02 129-169

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M. anisopilae 138 0.001 0.02 120-148

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V. lecanii 146 0.001 0.01 130-177

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B. thuringiensis 176 0.001 0.02 156-199



Res. J. Agric. & Biol. Sci., 3(2): 67-72, 2007

70

Fig. 1: Repellency  activity of plant oils vapor against

B. rufimanus (Boh) beetles during 7 days in

(choice test).

sharply. Nigella oil became attractive to B. incarnatus

beetles and had little persistent.

Ovipositional Deterrent Effect: The effect of tested

plant oil vapors on the reproduction of B. rufimanus

beetles were studied using the no-choice test (Table 3).

There was a positive correlation between the

concentration and the reduction of deposited eggs. The

effect was more pronounced at the highest tested

concentration. The reproduction of beetles was reduced

by the treatments with nigella and mustard oil vapors,

but not inhibited completely. The reduction percentages

of mean number of eggs/& were 90.5% and 75%,

respectively. While, clove and onion gave moderate

reductions, 66% and 55%, respectively.  Nigella and

Table 2: Accum ulations m ortality of B. rufimanus adults during the

first week of broad bean seeds in treated foam with different

oils.

Treated oils Time(days) Foam

Clove 0 23.3

2 37.4

4 39.4

7 43.7

M ustard 0 25.7

2 37.8

4 44.6

7 50.1

Nigella 0 23.3

2 26.4

4 30.1

7 34.2

Onion 0 30.1

2 32.5

4 37.8

7 39.9

Untreated 0 0

2 0

4 0

7 2.3

mustard  oils  acted  not  only  as oviposition deterrents

but  also  adversely  influence fecundity.  The  same

results  obtained by Abd El-Aziz and Ismail   and Abd[2 ]

El-Aziz , who mentioned that nigella, frankincense and[3]

pumpkin have a repellant effect against B. incarnates,

they found similar effects of  clove and eucalyptus

against  C.  maculates. Chander and Ahmed ; Saxana[7 ]

et al., , Surabaya et al.  and Maheshwari et al.,[25] [28] [19]

found that the stored product insects can be controlled

by plant oils. Ditarmasena and Ahmed , mentioned that[9]

Vitex alissima  at 5% concentration  was highly

effective against C. chinensis.

Table 3: Effect of tested plant extracts on  B. rufimanus beetles.

     Type of extract Number of eggs/ female± S.E
--------------------------------------------------------------------------------------------------------------------------

Conc. 0.2 % 0.5 % 2 % 3 %

48.4±4.4 39.5±4.5 39.3±5.3 22.3±3.4clove oil
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
% of reduction 27 27 26 66
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
mustard oil 48.4±4.4 39.5±4.5 33.4±5.7 28.4±4.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
% of reduction 27 27 49 57
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
nigella oil 48.4±4.4 41.5±3.3 39.4±4.4 26.3±5.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
% of reduction 27 37 26 60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
onion oil 50.6±5.8 49.7±5.3 34.5±3.2 29.7±5.3 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
% of reduction 23 25 48 55
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 66.4±5.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F value= 26.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lsd1%= 20.3
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Table 4: Evaluations of the bioagent against B. rufimanus used during

field experim ent.

Bioagent Time % of infestation

Clove 20 10

40 22

60 67

M ustard 20 12

40 27

60 68

Nigella 20 10

40 33

60 66

Onion 20 11

40 30

60 65

B.t 20 12

40 37

60 77

B. bassiana 20 3

40 11

60 13

M. anisopilae 20 3

40 13

60 15

V. lecanii 20 3

40 14

60 16

Control 20 23

40 39

60 92

Fig. 2: Seed weight loss due to damage caused by B.

rufimanus on broad bean cultivars in relation to

storage periods.

Field experiments: Table (4) showed the effectiveness

of tested bioagents against B. rufimanus beetles in field

experiment.   Both  B. bassiana, M. anisopliae, mustard

and nigella treatments gave the highest protection to

broad bean against B. rufimanus infestation up to 90

days and  the infestation % reached, 13%, 15 %, 20 and

20%, respectively. The highest % of infestations

recorded were, 65%, 67% and 77 % in case of onion,

clove and Bt, respectively. 

The same results was obtained by Sabbour , who[23]

used plant extracts to control some corn borers in the

field and bollworms insect . Ditarmasena and[15]

Ahmed , mentioned that Vitex alissima at the rate 5%[9]

was highly effective against C. chinensis. They

succeeded in controling the insect pests by oils in the

field. Miah et al., , reported that the Azadirachta[21]

indiaca and Sesamum indicum reduced oviposition at 2.0

ml/2g soil. They also mentioned that Vitrex negunda leaf

powder significantly reduced oviposition, adult bruchid

emergence and weight loss.

Effect of Storage Period on Weight Loss: The effects

of treatment with tested oils on seeds weight of broad

bean were illustrated in Fig. (2). In general, the results

of the study showed that the weight loss was increased

with the increase of the storage period. The highest

percent of seed damages were recorded in the untreated

seeds. After 5 months, B.bassiana, M.anissoplia,

mustard and nigella treatments had a significantly lower

percent of grain damage and lower seed weight loss

(10%, 15%, 17% and 22%), respectively .  Vegetable oil

was used in chickpea control studies. It acts as a grain

protection against beetles in storage. Oil is effective

against storage pests because it has a slippery and/or

oily property in which the eggs of the insect could not

be attached to the grain surface. It could also have a

repellent character whereby the insect cannot come in

contact of the grain. The low grain damage in oil

treatments might be due to the decrease in the number

of adult emergence that results in less weight loss and

less kernel damage . Microbial agents and edible oils[13]

are easily available to farmers and are environmentally

friendly.

The foregoing results revealed that mustard and

nigella oils showed strong repellent activity, toxic effect,

stability and ovipositional deterrent which scored less

seed weight loss.
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