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ABSTRACT: Experiments were conducted at the laboratories of the Economic Entomology
and Agricultural Zoology Department , Faculty of Agriculture, Menoufiya University, Shebin
Elkom , Egypt to evaluate the possibility of using entomopathogenic nematodes, Heterorhabditis
bacteriophora and Steinernema feltiae in the control of granary and rice weevils under
laboratory conditions. Results indicated that the highest average of corrected mortality of
Sitophilus granaries adult stages was recorded with the treatment of 3000 infective juveniles
giving 93.55 % , while the highest average of corrected mortality of the S. granaries adult stages
was registered with the treatment of 1000 infective juveniles of H. bacteriophora giving 64.52
%. As for the toxic effect of S. feltiae on S. oryzae adult stages, the highest averages of
corrected mortality was registered with the treatments of 1000 and 2000 infective juveniles of
S. feltiae giving 89.19 % , while the highest average of corrected mortality of the adult stages of
S. oryzae was registered with the treatment of 3000 infective juveniles of H. bacteriophora
giving 82.35 %. It could be concluded that the use of H. bacteriophora and S. feltiae in the
control of stored insect products i.e. the rice weevil, Sitophilus oryzae , and the granary weevil,
Sitophilus granaries registered good results , but it needs more studies.
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INTRODUCTION

In recent years it have seen an increase
attention for non-chemical methods of
stored-product protection, including
biological control of stored-product pests
(Arbogast, 1984; Brower et al., 1996;
Schoeller et al.,1997; Adler, 1998; Cox &
Wilkin, 1998; Schoeller, 1998).
Entomopathogenic nematodes have not
been previously tested against stored-
product insects in environments such as
empty grain bins or food processing and
warehouse facilities, but their effectiveness
at finding and infecting hosts in other cryptic
habitats has been demonstrated. The use
of entomopathogenic nematodes in the
control of store product insects is a new field
. Recently, there are a few articles were
published in this direction i.e. Ramos-

Rodriguez, et al., (2007) who reported that
persistence of stored-product insects in
hidden refuge and their subsequent
movement into stored commodities resulting
in product infestation contributes to their
pest status and represents a potential target
for biological control agents.. In laboratory
bioassays, Steinernema riobrave reduced
survival of red  flour beetle, Tribolium
castaneum, larvae, pupae and adults from
77.9 £ 3.2% in the controls to 27.4 + 2.5% in
treatments.  Shahina and Salma (2009)
tested seven Pakistani strains  of
entomopathogenic nematodes belonging to
the genera Steinernema and Heterorhabditis
against last instar and adult stages of the
pulse beetle, Callosobruchus chinensis.
Athanassiou, et al., (2010) examined the
insecticidal  effect of  Heterorhabditis
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bacteriophora  Poinar ,  Steinernema
carpocapsae (Weiser), and Steinernema
feltiae (Filipjev) against Mediterranean flour
moth, Ephestia kuehniella (Zeller) larvae,
lesser grain borer, Rhyzopertha dominica
(F.) adults, rice weevil, Sitophilus oryzae (L.)
adults, and confused flour beetle, Tribolium
confusum Jacquelin du Val adults and
larvae under laboratory conditions in wheat,
Triticum aestivum L. Laznik, and Trdan,
(2010) tested the efficacy of three strains
(B30, B49 in 3162) of Steinernema feltiae to
control adults of rice weevil (Sitophilus
oryzae). Shahina, and Salma (2010)
tested the virulence of 7 indigenous
entomophilic nematodes viz., Steinernema
pakistanense (Ham 10 strain), S. asiaticum
(211 strain), S. abbasi (507 strain), S.
siamkayai (157 strain), S. feltiae (AO05
strains),  Heterorhabditis  bacteriophora
(1743 strain) and H. indica (HAM-64 strain)
against the adult and pupa of rice weevils
(S. oryzae) in laboratory bioassays.
Shrestha and Gyun (2010) reported that the
two entomopathogenic bacteria,
Photorhabdus temperata sub sp. temperata
(Ptt) and Xenorhabdus nematophila (Xn),
are symbiotically associated with the
nematodes, H. megidis and Steinernema
carpocapsae, respectively, and found that a
significant difference in pathogenicity was
observed between these two bacteria
against the red flour beetle, Tribolium
castaneum, in which Ptt exhibited more than
six times higher pathogenicity than Xn.
Recently in Egypt Sweelam et al.,, (2010)
controlled red palm weevil, Rhynchophorus
ferrugineus Oliver by entomopathogenic
nematode species.

From these points of view, this research
was conducted to throw a light on the
possibility of using entomopathogenic
nematodes, Heterorhabditis bacteriophora
and Steinernema feltiae in the control of
granary and rice weevils.

MATERIALS AND METHODS

Experiments were conducted at the
laboratories of the Economic Entomology
and Agricultural Zoology Department |
Faculty of Agriculture, Menoufiya University,
Shebin Elkom , Egypt.

Rearing of

nematodes:

Two species of entomopathogenic
nematodes: Heterorhabditis bacteriophora
Poinar (Nematoda: Heterorhabditidae), and
Steinernema feltiae (Filipjev) (Nematoda:
Steinernematidae) were extracted from the
soil of the mango trees of the Experimental
Station of the Faculty of Agriculture Shebin
El-Kom, Minoufiya University. The greater
wax moth, Galleria melonella were used for
culturing. of both  entomopathogenic
nematodes. They were starved for 2 hours
before being infect with nematodes.
Modified white traps (White, 1927) were
used in large numbers to obtain sufficient
numbers of nematodes for the present
experiments. Collected nematodes were
stored in plastic tubes (50 ml) in a
refrigerator adjusted to 10 °C temperature
until used.

entomopathogenic

Tested insects :

Granary weevil , Sitophilus granaries L.
and Rice weevil S. oryzea, L. adult stages
were obtained from a naturally infested
wheat and rice grains stored in plastic bags
under laboratory conditions.

Application of nematodes on the

stored insects:

Adult stages of previous insects were
exposed to different concentrations of 50,
100, 500, 1000 and 2000 1Js (Infective
juveniles) of Heterorhabditis bacteriophora
and Steinernema feltiae nematodes to
determine their effects against granary and
rice weevils.

Ten adult stages of each insect species,
were kept in Petri dishes, each 5-cm
diameter containing 2 moist filter papers
where insects were put between them, and
exposed to entomopathogenic nematodes.
Every nematode concentration was sprayed
on the insects as 5 ml distiled water
containing nematodes. At control treatment,
insects were sprayed with 5 ml distilled
water without nematodes. Each treatment
was replicated three times. Mortality was
checked after 24, 48, 72, 96 hours for all
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concentrations of the two tested nematode
species, and percentage of mortality was
calculated for each nematode species at
different concentrations using Abbott's

formula (1925). Mortality percentage was
corrected by Schneider-Orelli's formula
(Puntener W., 1981).

( Mortality % in treated plot - Mortality % in control plot )

X 100

Corrected mortality % =

100 - Mortality % in control plot

RESULTS AND DISCUSSION

Results in Table (1) show the effect of
different doses of entomopathogenic
nematode, Steinernema feltiae on the
mortality percentages of the adult stages of
the Granary weevil, Sitophilus granaries,
under laboratory conditions. The highest
average mean of corrected mortality of the
adult stages of Granary weevil, S. granaries
was recorded with the treatment of 3000
infective juveniles of entomopathogenic
nematode, S. feltiae giving 93.55 %,
followed by the treatment of 500 infective
juveniles of S. feltiae nematode as 67.74%,
and the treatment of 2000 infective juveniles
of S. feltiae nematode , 64.52 %, while the
least mean averages of the corrected
mortality of the adult stages of insects were
recorded with the treatment of 1000 infective
juveniles of entomopathogenic nematode, S.
feltiae nematode which was calculated as
48.39%, and the treatment of 100 infective
juveniles recorded 54.84 % as overall
averages.

Results in Table (2) show the effect of
different doses of entomopathogenic
nematode, Heterorhabditis bacteriophora on
the mortality percentages of the adult stages
of the Granary weevil, Sitophilus granaries,
under laboratory  conditions.  Results
indicated that the highest averages of
corrected mortality of the adult stages of

Granary weevil, S. granaries was registered
with the treatment of 1000 infective
juveniles of entomopathogenic nematode, H.
bacteriophora giving 64.52 % , followed by
the treatment of 2000 infective juveniles of
H. bacteriophora nematode as 54.52 % |,
while the least averages of the corrected
mortality of the adult stages of insects were
recorded with the treatment of 100 infective
juveniles of entomopathogenic nematode, H.
bacteriophora  nematode  which  was
calculated as 38.71 %, followed by the
treatment of 500 and 3000 infective
juveniles which recorded 48.39 % as overall
averages.

As for the toxic effect of the
entomopathogenic nematode, Steinernema
feltiae on the adult stages of the Rice weevil,
Sitophilus oryzae, results in Table (3)
indicated that the highest averages of
corrected mortality of the adult stages of S.
oryzae was registered with the treatments of
1000 and 2000 infective juveniles of
entomopathogenic nematode, S. feltiae
giving 89.19 % , followed by the treatments
of 3000 and 500 infective juveniles of S.
feltiae nematode as 83.78 and 81.08 % |,
respectively , while the least averages of the
corrected mortality of the adult stages of
insects was recorded with the treatment of
100 infective juveniles which was calculated
as 62.16 %, as overall averages.

Table (1): Mortality percentages of adult stages of granary weevil, S granaries as
affectedby S. feltiae nematode under laboratory conditions (25 £ 5 °C & 65%

RH).
Concentration Mortality percentages % Corrected
of nematode juveniles 24 h 48 h 72h 96 h Mean mortality
100 20 60 80 100 65 54.84
500 50 70 80 100 75 67.74
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1000

40 40 70 90 60 48.39

2000 50 60 80 100 72.5 64.52

3000 90 90 100 100 95 93.55
Control 10 20 30 30 22.5 -
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Table (2): Mortality percentages of adult stages of granary weevil, Sitophilus granaries as
affected by H. bacteriophora nematode under laboratory conditions (25 = 5 °C

& 65% RH)
Concentration Mortality percentages Corrected
of nematode juveniles 24 h 48 h 72 h 96 h Mean mortality
100 20 40 50 100 52,5 38.71
500 30 30 80 100 60 48.39
1000 30 70 90 100 72.5 64.52
2000 40 50 80 90 65 54.84
3000 30 60 50 100 60 48.39
Control 20 20 20 30 22.5 -

Table (3): Mortality percentages of adult stages of rice weevil, S. oryzae as affected by
Steinernema feltiae nematode under laboratory conditions (25 £+ 5 °C & 65%

RH
Concelitration Mortality percentages Corrected
of nematode juveniles 24 h 48 h 72 h 96 h Mean mortality
100 20 80 80 80 65 62.16
500 40 90 100 100 82.5 81.08
1000 60 100 100 100 90 89.19
2000 60 100 100 100 90 89.19
3000 60 80 100 100 85 83.78
Control 0 10 10 10 7.5 -

Moreover, results in Table (4) show the
effect of different doses of
entomopathogenic nematode,
Heterorhabditis bacteriophora against the
adult stages of Rice weevil, Sitophilus
oryzae, under laboratory conditions. Results
indicated that the highest averages of
corrected mortality of the adult stages of S.
oryzae was registered with the treatment of
3000 infective juveniles of
entomopathogenic nematode, H.
bacteriophora giving 82.35 % , followed by
the treatment of 500 infective juveniles of H.
bacteriophora nematode as 58.82 % , and
the treatment of 2000 infective juveniles of
the entomopathogenic nematode, H.
bacteriophora nematode , 52.94 %, while
the least averages of the corrected mortality
of the adult stages of insects were
recorded with the treatments of 100 and

1000 infective juveniles of
entomopathogenic nematode, H.
bacteriophora  nematode  which  was

calculated as 41.18 and 47.82 %, as overall

averages. The obtained results are in
harmony with those obtained by Ramos-
Rodriguez, et al.,, (2007), Shahina and
Salma (2009), Athanassiou, et al., (2010),
Shahina, and Salma (2010) , and Shrestha
and Kim Yong Gyun (2010) who used
entomopathogenic nematodes,
Heterorhabditis bacteriophora and
Steinernema feltiae in the control of the rice
weevil, Sitophilus oryzae , the red flour
beetle, Tribolium castaneum , the lesser
grain borer, Rhyzopertha dominica (F.), the
Mediterranean  flour moth, Ephestia
kuehniella (Zeller) , and the pulse beetle,
Callosobruchus chinensis (L.).

It could be concluded that the use of
entomopathogenic nematodes,
Heterorhabditis bacteriophora and
Steinernema feltiae in the control of stored
insect products i.e. the rice weevil,
Sitophilus oryzae , and the granary weevil,
Sitophilus granaries registered good results ,
but it needs more studies.
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Table (4): Mortality percentages of adult stages of rice weevil, Sitophilus oryzae as
affected by H. bacteriophora nematode under laboratory conditions (25 + 5 °C

& 65% RH).
Concentration Mortality percentages Corrected
of nematode juveniles 24 h 48 h 72h 96 h Mean mortality
100 0 60 60 80 50 41.18
500 40 60 80 80 65 58.82
1000 0 60 60 100 55 47.06
2000 40 60 60 80 60 52.94
3000 40 100 100 100 85 82.35
Control 0 20 20 20 15 -
REFERENCES Laznik, Z. and S. Trdan (2010). Intraspecific

Abbott, W. S. (1925). A method of
computing the effectiveness of an
insecticide. J. Econ. Ent., 18, 265-267.

Adler, C., (1998). What is integrated storage
protection? In: C. Adler & M. Schoeller
(eds)., Integrated Protection of Stored
Products. IOBC WPRS Bulletin 21: 1-8.

Arbogast, R. T. (1984). Biological control of
stored-product insects: status and
prospects. In: F. J. Baur (ed.), Insect
Management for Food Storage and
Processing. American Association of
Cereal Chemists, St. Paul, Minnesota,
pp. 225-238.

Athanassiou, C. G., N. G. Kavallieratos, H.
Menti and E. Karanastasi (2010).
Mortality of four stored product pests in
stored wheat when exposed to doses of
three entomopathogenic nematodes.
Journal of Economic Entomology. 2010.
103: 3, 977-984.

Brower, J. H., L. Smith, P. V. Vail and P. W.
Flinn (1996). Biological control. In: B.
Subramanyam & D.W. Hagstrum (eds),
Integrated Management of Insects in
Stored Products. Marcel Dekker, Inc.,
New York, pp. 223—-286.

Cox, P. D. and D. R. Wilkin (1998). A review
of the options for biological control
against invertebrate pests of stored grain
in the UK. In: C. Adler & M. Schoeller
(eds), Integrated Protection of Stored
Products. IOBC WPRS Bulletin 21: 27—
32. search 54: 689-713.

variability of Steinernema feltiae (Filipjev)
(Rhabditida: Steinernematidae) as
biological control agent of rice weevil
(Sitophilus  oryzae [L.], Coleoptera,
Curculionidae) adults. Acta Agriculturae
Slovenica, 95 (1) : 51-59.

Pintener, W. (1981). Manual for field trials
in plant protection second edition.
Agricultural Division, Ciba-Geigy Limited.

Ramos-Rodriguez, O., J. F. Campbell and
S. B. Ramaswamy (2007). Efficacy of
the entomopathogenic nematode
Steinernema riobrave against the stored-
product insect pests Tribolium
castaneum and Plodia interpunctella.
Biological Control, 40 (1): 15-21.

Schoeller, M. (1998). Integration of
biological and non-biological methods to
control arthropods infesting stored
products. In: C. Adler & M. Schoeller
(eds.), Integrated Protection of Stored
Products. IOBC WPRS Bulletin 21: 13—
25.

Schoeller, M., S. Prozell, A.-G. Al-Kirshi and
Ch. Reichmuth (1997).Towards biological
control as a major component of
integrated pest management in stored
product protection. Journal of Stored
Product Research, 33: 81-97.

Shahina, F., and J. Salma (2009).
Laboratory evaluation of seven Pakistani
strains of entomopathogenic nematodes
against a stored grain insect pest, pulse
beetle Callosobruchus chinensis (L.).
Journal of Nematology, 41 (4) : 255-260.



Sweelam and Moustafa

Shahina, F., and J. Salma (2010). Tribolium castaneum. Journal of Asia-
Laboratory evaluation of seven Pakistani Pacific Entomology, 13( 3) : 209-213.
strains of entomopathogenic nematode Sweelam, M. E., A. S. Albarrak, A. A. Abd
against stored grain insect pest ElI-All and A. M. Kella (2010). Biological
Sitophilus oryzae L. Pakistan Journal of control of the red pam weeuvil,
Nematology, 28 (2): 295-305. Rhynchophorus ferrugineus Oliver

Shrestha, S., and K. Y. Gyun (2010). (Coleoptera: Curculionidae) by
Differential pathogenicity  of  two entomopathogenic nematode species.
entomopathogenic bacteria, Annals of Agric. Sci., Moshtohor,V.,
Photorhabdus temperate subsp. 48(2): 21 -28.

Temperate and Xenorhabdus White, G.F. (1927). A method for obtaining
nematophila against the red flour beetle, infective nematode larvae from cultures.

Sci.. 66 (1709): 302-303.

A g AablSa b cydall Ldapaall agilal) pladiul e 33
S9N Aga

sa Ahaa s Ahaa al.uuwuy‘i\dm

sl Aala — e S el lpaally GualeaBY) Clpdall and

w2l padlal)

O A giall Laala . Ae )30 A e )3l (hsandls alai@V) chlpdiall and Jaleay Aol 038 Capjal
e A 3 () gill) il A paall T gilanil) alasinly 55V Ay casad) A s AadISA <))
By Yo 3 ae lebind a3 Gisaall dusud AL l5LY1 e Corrected mortality ias.as
Gaslal) gsill Al Ll ¢ 7 4¥.00 culac) Cua Steinernema feltiae guia o silas
Ve 5 gedasnae Gige A S i o3 28 Heterorhabditis - bacteriophora
O Aaniae Sige A e of bl candl a3V duen (Al L 7 TE.0Y Sl dagilas
Steinernema gsil) e agilas 48 Yo oo NV een gl 3SH e il Y dusad ALIN sk
Jusuii 23 a8 Heterorhabditis bacteriophora lagilesl) ¢ sl 4l Wl « ZA9.14 4ilas feltiae
JOAYYO N ciliay Al Ay Yov s S a5V gl ALISH lhaY) (e Cige R e



	Department of Economic Entomology & Agricultural Zoology,Fac. of Agric., Minoufiya Univ.

