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ABSTRACT

Grains in Nigeria are mostly produced and stored by rural farmers at the farm/village level after harvest. The
prominent storage structures existing in rural areas in Nigeria are the mud rhumbus, thatched rhumbus and
underground pits. During storage, different species of insect pests were observed to cause serious damage to
grains. The lesser grain borer, Rhyzopertha dominica, is one of the major primary pests of stored grains in
many regions of the world. A summary of relevant literature on the general biology and ecology of the insect,
conditions favourable for pest development and its life stages is presented in this review. The paper was also
intended to review feeding habits of R. dominica, which includes a review of various grain and non-grain
substances that have been reported as forming food and potential breeding resources for the insect. Discussion
on grain losses due to R. dominica infestation is also given in this article. Furthermore, various methods of
controlling the insect are discussed. Therefore, this paper aimed at reviewing some of the available literature
on biology and various control methods of R. dominica as a contribution to post-harvest integrated pest
management (IPM) in northern Nigerian on-farm traditional granaries.
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INTRODUCTION

Fresh grains are living organisms and
accordingly contain organic compounds such as
carbohydrates, proteins, oils and vitamins, in
addition to minerals and water (USAID, 2011).
Each type of food grain possesses its own
characters, and understanding these features
enables us to identify and attach use and
monetary value to the grain. Cereal grains are the
main sources of human diets. Therefore,
consumers and industrial users want to eat, grow
or process grain of a certain quality, so
understanding these characteristics also helps us
to devise means of handling, storing and
processing the grain to our best advantage
(USAID, 2011).

Grain losses in cereals during storage can reach
50% of the total harvest where major part of
guantitative and qualitative loss of grain is caused
by insects. The loss of food grain during storage
due to various insect pests is a very serious
problem. Climate and storage conditions,
especially in the tropic countries like Nigeria, are
often highly favourable for insect growth and
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development, which leads to their damages to the
stored grains (Pugazhvendan et al., 2009).

According to USAID (2011), more than three-
quarters of the agricultural output of African
smallholder farmers is kept at village level for
local use and stored using traditional methods
which offer some advantages as follows:

e |t stores food close to the majority
consumer.

e |t gives farmers easy access to their assets
and facilitates sale transactions.

e |t does away with transport and handling
costs and eliminates losses which occur
at this level.

e It serves as a source of information
regarding the supply of grain on the
market which informs production
decisions. If the household storage is still
full when farming preparations are
underway, this might signal that there is
still an oversupply of the type of grain on
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the market. An informed farmer may
reduce his acreage from the over supplied
grain to another crop.

Most of losses and damages to grains stored in
traditional storage structures and market stores of
some parts of Nigeria are caused by various types
of insect pests (Utono, 2013; Mailafiya et al.,
2014; Suleiman and Rugumamu. 2017). Insect
infestations in stored grains lead to decrease in
grains quantity, quality and seed viability
(Suleiman, 2018). Among stored grain insect
pests, lesser grain borer, Rhyzopertha dominica
F., is one of the destructive insect pests which
infests many cereal grains at different pre- and
post-harvest levels (Edde, 2012). R. dominica is
a worldwide insect pest, present both in field at
harvesting time and in granaries and other grain
storage structures (Naseem et al., 2011). It is
usually a polyphagous and cosmopolitan insect
pest in tropical and subtropical areas, but it has
also been found in the temperate regions of the
world (Majeed et al., 2015). The insect has been
reported to infest and feed on variety of stored
food materials including grains of all kind
especially maize, wheat, rice and sorghum
(Bashir, 2002; Suleiman, 2018).

STORAGE SYSTEMS OF
NORTHERN NIGERIA

GRAINS IN

Storage is an interim phase during transit of
agricultural  product from producers to
consumers. The main purpose of storage for
small scale in Africa is to ensure household
supply and seed for planting (Adetunji, 2007).
Given that agricultural production is seasonal
whereas the demands for agricultural
commodities are more evenly spread throughout
the year. Appropriate storage of food grains is
necessary to prevent food spoilage, increasing
keeping quality, and for economic reasons
(Karthikeyan et al., 2009; Nukenine, 2010).

The structures used for grain storage depend on
the levels of storage which are in two separate
categories, first the on-farm storage of harvested
produce, usually in small and relatively simple
structures, and the larger regional stores of
greater  capacity and more permanent
construction  (Hill, 2003; Suleiman and
Rugumamu, 2017). On farm storage involves
individuals where each head of household
provide storage facilities for preserving small
guantities of farm product after harvest for
consumptions and future sales. The regional
stores include large warehouses that are usually
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owned by government agencies and
nongovernmental organizations (Hill, 2003;
Nukenine, 2010). The difference between these
two types is greatest in the tropics where
smallholder storage facilities may be rather crude
and not too effective, and losses due to storage
pests can often be high (Hill, 2003).

The prominent storage structures existing in rural
areas of northern Nigeria include the mud
rhumbus, thatched rhumbus, underground pits
and store rooms (Utono, 2013; Mahai et al.,
2015). These traditional structures are made up
of local materials such as paddy straw, bamboo
poles, wooden planks, reeds, ropes and mud
bricks (Adejumo and Raji, 2007; Karthikeyan et
al., 2009). The major structures that are
commonly used for storing grains after harvest in
the rural area of northern Nigeria are described
here under.

MuD RHUMBUS

Mud rhumbus are specially built structures made
from a mixture of dry grass and clay. Mud and
grasses as materials use for construction of mud
rhombus in northern Nigeria (Mahai et al., 2015).
A mud rhumbu consists of a bin resting on large
stones, wood or mud pillars about 50 cm off the
ground (Mada et al., 2014). The mud rhumbu is
constructed in circular, spherical, cylindrical or
rectangular shape with single apartment or
multipurpose apartment (Nukenine, 2010). The
height of mud rhumbu is usually about 1.5 m with
a diameter of about 1 m is covered with thatched
roof. It has a capacity of 500 to 8000 kg (Mada et
al., 2014; Mabhai et al., 2015). It is observed that
mud rhumbu is associated with dry conditions,
under which is possible to reduce the moisture
content of the harvested grains to the satisfactory
level simply by drying it (Nukenine, 2010).
These situations improve storage condition and
hence could provide protection to stored grains
against insect infestations.

THATCHED RHUMBUS

Thatched rhumbus are made of woven grasses
resting on irregular stones and on tree logs, the
elevation of the thatched rhumbus above the
ground is generally low, between 100 and 600
mm (Adejumo and Raji, 2007). These make it
vulnerable to pests attack especially rodent, since
they can easily reach the floor of the rhumbu. To
overcome this, FAO (2011) suggested the use of
supporting legs of approximately 1 m long,
equipped with rats guard to raise the floor of
rhumbu above the ground to protect rats and
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moisture from easy access to stored grains. The
wall of the thatched rhumbus is made up of two
layers of woven grasses, being reinforced with two
or three tension rings. The roof is usually conical in
shape made up of straw/thatch, tree stem,
polyethene sheets, and roofs and usually of two to
three layers to prevent water seepage (Adejumo and
Raji, 2007). They are usually cylindrical or circular
in shape with various capacities which range from
500 to 8000 kg, depending on the size of the farm
produce (Chattha et al., 2014).

Unthreshed grains especially sorghum and millet
are usually stored in thatched rhumbus, in spite
of earlier reports by Gilse (1964) that sorghum
stored in traditional granaries made of plant
materials were more severely damaged by stored
product insects than those in mud granaries.
Thatched rhumbus have been used for storing
sorghum and millet for long by rural farmers of
northern Nigeria (Utono, 2013). If improved by
placing them on the supporting legs equipped
with rats guard (as mentioned earlier) and walls
sealed with polyethene sheets, they could provide
good protection to stored grains.

UNDERGROUND PITS

Underground storage of grains is one of the
earliest practices still in use in some dry land
areas (Boxall, 1998). It was earlier reported that
the use of pit storage was mainly for sorghum and
has been the main method of long-term grain
storage from pre-neolithic times up to the early
19th century (Sterling et al., 1983; Boxall, 1998).
They are usually cylindrical spherical or
amphoric in shape. The walls of underground pits
are lined with stones, paddy straw ropes, loose
straw or other plant material. After filling, the
straw is place on the top of the sorghum before
closing with a plaster of mud and cow dung
mixture (Boxall et al., 2004).

Grain storage using underground pit is being
withdrawn due to underground water leakage and
the time consuming process of unloading which
makes removal inconvenient (Suleiman and
Rugumamu, 2017). But Nukenine (2010)
observed they are use in area where the water
table is low so that it does not endanger the
content. Conversely, underground pit is hermetic,
which has the advantage of reducing insect attack
on the grain, and thus, reduces grain loss (Boxall
et al., 2004).

STORE ROOMS

Store rooms are small room-like structures with
an average size of 4 x 5 meters (Beshir, 2011).
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The size of store rooms could be as large as 20 x
20 meters (FAO, 2011). They are made of mud
or fired bricks and cement with corrugated iron
roofing. The capacity of store rooms depends on
the size of farm produce but may be up to 15
tonnes of cereals. Such stores are often of poor
structure and bad storage hygiene. Bagged grain
is usually stalked up to the ceiling and against all
walls, making inspection and disinfestation
procedures difficult (FAO, 2007). For proper
inspection, bags should not be against walls and
not up to the ceiling. They should be placed on
wooden pallets to avoid contact with dump from
the floor which promotes mould growth and
favourable conditions for insect survival.

LESSER GRAIN BORER, RHYZOPERTHA

DowmINICA F.

Adults of Rhyzopertha dominica are elongated of
2 to 3 mm long (Rees, 2007; Mason and
McDonough, 2012) and sometimes up to about 5
mm long (Robinson, 2005). The beetle has
varying body colours such as reddish-brown,
dark-brown or black with somewhat roughed
body surface (Robinson, 2005; Rees, 2007;
Mason and McDonough, 2012). The body is
cylindrical in cross-section and when viewed
from above the head is invisible because it bends
downwards and conceals (Rees, 2007). Rees
(2007) observed that the tip of abdomen of R.
dominica is tapered and end of elytra curved
gradually and backwards. The surface of the
thorax and the elytra are pitted. The pits on the
elytra are arranged in longitudinal punctures,
giving them a striated appearance and become
smaller towards the posterior of the abdomen.
The antenna is short, ten-segmented, and has a
terminal three-jointed loose club (Mason and
McDonough, 2012). Fresh body weight ranges
from 0.99 to 1.38 mg, whereas mean fresh body
weight is about 1.20 mg (Edde et al., 2006).

The substrates that form food and potential
breeding resources for R. dominica include cereal
and leguminous grains such as rice, wheat,
sorghum, oat, pearl millet, malt barley,
chickpeas, peanuts and beans (Mason and
McDonough, 2012; Edde, 2012). The insects also
live in dead and dried wood, and are pests of
timber, stored pharmaceuticals, leather stuffing,
mud plaster, packaging materials made from
wood, paper and bound books. However, R.
dominica achieves its maximum reproductive
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success on dry grains (Bashir, 2002; Edde et al.,
2006).

Unlike most primary stored-grain pests, R.
dominica is not known to attack cereals in the
field, but it is a strong flier and has been found
infesting grain, in supposedly clean stores, within
weeks or months after storage (Edde et al., 2005).
Recent studies suggest that the adults are likely
to fly back and forth between agricultural and
non-agricultural landscapes (Edde et al., 2005;
Jia et al., 2008; Mahroof et al., 2010). This rapid
colonization behaviour, strong fight ability and
broad polyphagy, coupled with the fact that R.
dominica has been trapped in diverse
environments, including woodlands substantial
distances from grain stores, led us to suspect
movement of this pest between potentially
natural habitats and grain storage facilities.
However, there are increasing evidences
suggesting that R. dominica may be reproducing
in non-agricultural habitats in sufficient numbers
to be an important source of beetles (Wright et
al., 1990; Edde et al., 2005; Edde et al., 2006; Jia
et al., 2008).

Females of R. dominica lay up to 200 — 500 eggs
in their life time (Hill, 2003; Mason and
McDonough, 2012). The eggs are deposited in
clusters on grain or singly among the frass
produced by the insect. The egg is opaque,
whitish in colour with a waxy appearance when
freshly laid, but after a little while takes on a
pinkish colour (Kucerova’ and Stejskal, 2008;
Edde, 2012; Mason and McDonough, 2012). The
egg, which is oval-shaped, is about 0.5 — 0.6 mm
in length and 0.2 — 0.25mm in diameter (Kucerova’
and Stejskal, 2008). Egg development takes 32
days at 18.1°C but only 5 days at 36°C (Robinson,
2005; Mason and McDonough, 2012). The
relationship of temperature to the length of
incubation period of R. dominica eggs can be
summarized as follows: at 28°C and 70% RH the
development from egg to first instar larva is
approximately 7 days; it is 11 days at 25°C and 70%
RH; it is 7 — 11 days at 290C and 75% RH; and at
36°C and 73 — 90% RH, it is approximately 5 days
(Birch and Snowball, 1953).

The larvae, which are white to cream in colour
with three pairs of legs and biting mouthparts,
undergo four instars (Mason and McDonough,
2012). First-stage larvae cannot bore into
undamaged seeds. Second-stage larvae are
capable of directed movement, but the third and
successive stages are C-shaped and incapable of
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movement on a flat surface (Robinson, 2005). It
is further observed by Robinson (2005) that
Larvae develop in whole grain and remain within
the kernel through four or five instars. The larva
reaches its full development in the fourth instar. The
length of the mature fourth instar is approximately
3.2 mm and the head is approximately 0.41 mm in
diameter (Edde, 2012). The larvae eat into cereals
grains where they complete their development.
Larval development on wholemeal at 70% RH
requires 29 days at 28°C and 46 days at 25°C
(Robinson, 2005). The larvae are internal feeders
and may complete their development in the grain
residue (Rees, 2007; Mason and McDonough,
2012).

Pupation usually takes place in an enlarged cell
in the larval feeding tunnel or may leave grain ti
pupate in grain dust (Edde, 2012; Mason and
McDonough, 2012). The pupae of R. dominica
have their appendages not fixed to the body. They
are inactive, and their body movement is limited
to the abdominal segments. Young pupae are
whitish in colour, but later, brown pigment is laid
down in the eye and mouthparts. Average lengths
of the body and head capsule are 3.9 and 0.6 mm,
respectively (Edde, 2012). The stage lasts for 5 to
8 (Robinson, 2005; Rees, 2007).

The newly formed adults emerge from the kernel
by chewing through the outer grain layer and
might go without food for about 3 — 5 days after
emergence. They later become voracious feeders
and bore into commodity (Rees, 2007; Mason
and McDonough, 2012). Adults readily fly but
their flight is not well oriented, and air currents
carry them (Robinson, 2005; Rees, 2007; Mason
and McDonough, 2012). Adults are long-lived
(Rees, 2007).

Mean longevity of adult male and female R.
dominica fed on wheat kernels at 280C and 65%
RH is 26 and 17 weeks, respectively and about
4% of the male and 3% of female beetles lived
for approximately 52 weeks (Edde et al., 2006).
The most suitable combination of temperature
and relative humidity was recorded 30 + 2°C and
75 = 5% respectively for the growth,
development and infestation of R. dominica
(Deshwal et al., 2018).

PEST STATUS AND DAMAGE CAUSED BY
RHYZOPERTHA DOMINICA TO GRAINS

The lesser grain borer, Rhyzopertha dominica F.
is a very dangerous and harmful primary pest of
the stored grain (PeriSic¢ et al., 2018). It is a major
pest of wheat, rice, maize and sorghum around
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the world (Flinn et al., 2004; Chanbang et al.,
2008). Economic importance of this pest species
is pertinent, and according to its adverse effect, it
comes right after the wheat weevil, Sitophilus
granarius F. (Perisi¢ et al.,, 2018). The pest
spends most of its life cycle (adult and larvae) in
kernel and feeds with grain endosperm (Edde,
2012). It burrows at once into the seed and feeds
inside and if it does not get chance, crawls
actively feeding on loose starchy materials
(Deshwal et al., 2018). According to Perisi¢ et al.
(2018), this feeding habit results in physical and
chemical composition changes of the grains
which  consequently  affects  rheological
properties of the dough obtained from such
infested grains. Both the adults and grubs cause
serious damage to stored grains and stored
products and adult beetles are more harmful
which destroy healthy grains and reduced them to
frass (Arifuzzaman et al., 2014). It is further
observed by Arifuzzaman et al. (2014) that R.
dominica destroys far more than it consumes.

Rhyzopertha dominica infestations have been
reported to have reduced grains to dust (Emery et
al., 2011). There are three aspect of impact of R.
dominica infestation which are loss in the quality
of stored grain, loss in the quality of stored seeds
and the cost to prevent or control infestation
(Cuperus et al., 1990; Sanchez-marinez et al.,
1997; Perisi¢ et al., 2018). On wheat and rice, the
insect larvae consume both germ and endosperm
during their development in grain and thus
provide more frass than Cryptolestes ferrugineus
and Sitophilus granarius (Campbell and Sinha,
1976). R. dominica is also capable of damaging
grain, causing weight losses of up to 40%
compared to 19, 14, and 10% by S. oryzae, T.
castaneum and Ephestia cautella, respectively
(Sittusuang and Imura, 1987). PeriSi¢ et al.
(2018) reported 7.50% grain damage of a wheat
variety within ten weeks infestation period by R.
dominica.

Rhyzopertha dominica feeding on seed germ
reduces germination rates and vigour of the
grains and may be followed by secondary pests
and fungi (Bashir, 2002). According to Hill
(2003), R. dominica is one of the species that
show a preference for feeding on the germinal
region of seeds, and so they are responsible for a
loss of quality and nutritive value in cereal grains
for food, and a loss of viability. Such selective
damage can be quite serious economically.

It is reported that R. dominica infestation on
wheat, maize and sorghum grains resulted in
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substantial change in the contents of calcium,
phosphorus, zinc, iron, copper and manganese
(Jood et al., 1992). It was also observed a
reduction in the starch digestibility of maize, rice
and sorghum in response to R. dominica
infestation. Single or mixed population of T.
granarium and R. dominica resulted in substantial
reductions in the content of total lipids,
phospholipids, galactolipids, polar and non polar
lipids of wheat, maize and sorghum (Jood et al.,
1996). Furthermore, R. dominica has also been
reported to decrease vitamin contents of grain.
For instance, 75% level of infestation of cereals
grains cause losses of 23 to 29% thiamine, 13 to
18% riboflavin and 4 to 14% niacin (Jood et al.,
1992).

MANAGEMENT OF RHYZOPERTHA
DOMINICA INFESTING STORED GRAINS

The use of chemicals (insecticides) has been
found to be very effective and yields immediate
results (Utono, 2013). This is why insecticides
continue to be the most common methods of
pests control in developing countries (Udoh et al.,
2000; Kamanula et al., 2011). Fumigation is one
of the chemical methods applied for pest control
in buildings, ware houses, small bags, soil, seed
and stored products (Upadhyay and Ahmad,
2011). Methyl bromide is one of the most
effective fumigants in the control of stored pests
which resulted in 100% mortality of adult and
immature stages of storage insects, such as S.
oryzae, R. dominica and T. castaneum (El-
Lakwah and Abd-EI-Aziz, 2000). However, it is
banned from 2015 as per Montreal Protocol, due
to its ozone depleting nature (Fields and White,
2002; Philips and Throne, 2010). As a result,
managing storage insects has become more of a
challenge.

Despite fumigants remain a popular means of
controlling insect pests in the stores, their use
may be limited by some problems such as the
ability of steel corrugated bins to retain fumigant
(Herrman, 1998).

Some organophosphate insecticides such as
azamethiophos,  fenitrothion,  chloropyrifos-
methyl, and pirimiphos-methyl show toxic effect
on Liposcelid psocid (Collins et al., 2000).
Mvumi and Giga (1994) reported that effective
control of T. castaneum and S. zeamais was
achieved in traditional granaries using
pirimiphos-methyl, with the damage level kept at
< 8%. Similarly, acetic acid brine solution
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impeded pupa and adult emergence and also
decreases their survival (Yokoyama and Miller,
2004).

In Nigeria, magnesium phosphide, pirimiphos-
methyl and permethrin are the most common
insecticides used to control stored grain pests
(FMANR and ODA, 1996). Chemicals such as
Coopex (Permethrin 0.5%), Cypermethrin and
Actellic dust are applied on stored commodity
against insect pests. Golob et al. (2002) described
permethrin as a synthetic pyrethroid that acts by
interfering with the electrical signal passing
down the axon of insect’s nerve cells leading to
loss of co-ordination and ultimate death.

Indiscriminate use of insecticides and lack of
knowledge of the appropriate application rate by
some farmers contribute to their overuse, which
results in the development of resistance and
detrimental effects to the environment and non-
target species (Hill, 1987; Campbell and
Campbell, 2001; Snelder et al., 2007; Soujanya et
al., 2016). Continuous use of chemicals to control
storage is likely to result in more insect
resistance, health and environmental problems,
which is emerging in developing countries. It is
therefore necessary to make judicious use of
insecticides which could be incorporated with
alternative control methods and improvement of
grain handling and storage systems.

This method of controlling insect pests can be
carried out by growing the crop far from stores to
avoid easy access by flying insects such as S.
zeamais (Abugri, 2011). Italso involves general
cleanliness of the storage structure such as
cleaning food store houses all around, removal of
dirt, egg shells and dead larvae. Furthermore,
cultural control measures include removal and
burning of infested broken grains before storing
new grains and proper fumigation of stores in
order to reduce insect pests attack (Upadhyay and
Ahmad, 2011; Rugumamu, 2015).

A hygienic storage can serve as an alternative to
the use of chemical insecticides. This was
supported by Gwinner et al. (1996) that proper
cleaning of storage areas during or before storage
may reduce pest outbreaks at a cost that farmers
can afford. Upadhyay and Ahmad (2011) added
that all cracks and crevices in the wall, floor and
ceiling of the store should be filled up, labeled
and then white washed or painted by repellent
paint. Incorporating good hygiene with
protectants could improve the efficiency of
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storage system. This was demonstrated by Arthur
et al. (2006) who recovered high populations of
Sitophilus spp. and Cryptolestes spp. in samples
of grain residues from a commercial elevator.

Abugri (2011) among others describes physical
methods as smoking, thermal disinfestations, use
of ashes, sand and powders, to injure the insect
cuticle leading to dehydration and death. The
report added that termite soil caused adult
mortality of S. zeamais in maize. In the past,
grain dryers have been used to help with
disinfestations, but it has been observed that
insect control using high temperature may
produce variable results (CGC, 2013). Throne
(1994) reported the lower and upper limits for
weevil’s development from egg to adult stage as
15.6 and 32.5°C respectively at 75% R.H.
Therefore, heating of storage areas to at least
500C for an adequate amount of time could be
effective for disinfesting invasive pests (Roesli et
al., 2003). Since stored product insect pests do
not feed or reproduce at temperatures below
18°C, keeping grain at -5°C for 12 weeks would
control the pests at all life stages (CGC, 2013).

Cleaning during grinding operations, dry cool
storage and hermetically sealed packaging can all
play an effective role in conserving the seed
viability with residue free pest control (Garcia-
Laraet al., 2013).

Grain packaging in airtight structure is one of the
most important physical methods of controlling
R. dominica. These structures may range from
well-sealed barrels holding several kilograms to
100 ton capacity metal bins. The structure should
be pressure-tested to confirm air-tightness.
Portable hermetic storage bags are also available
(Garcia-Lara et al., 2013).

Bunza (2010) defined biological control as the
tactic involving purposeful natural enemy
manipulation to obtain a reduction in a pest
status. It is the method applied to control
population of pests by the use of living
organisms, which can be self-sustaining, non-
polluting and inexpensive. Insects, arachnids,
amphibians, reptiles and mammals are the
animals usually used in biological control
(Bunza, 2010). Moore (1992) had earlier reported
promising results when a parasitoid,
Gyranosoidea sp., was introduced against the
mango mealy bug in Togo.
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Upadhyay and Ahmad (2011) observed that the
most commonly Hymoneptera parasitoids are
used to reduce infestation and damage done by
stored grain insects. Beauveria bassiana isolates
for instance, was reported to cause 68% adult
mortality of S. zeamais (Rondelli et al., 2012).
Scholler (2010) reported the commercial
availability of parasitoids of the genus
Trichogamma that attack both moth eggs and
larvae in stored products.

Although biological control is good and
effective, knowledge is required on the biological
control agents, how to source and use them,
which may be too expensive for small-scale
farmers to practice. Subsistence farmers need
cheap and non-hazardous control methods in
order to effectively protect their farm produce
from insect pest infestations.

The hazardous nature of synthetic insecticides
leads to search for less hazardous and
environment-friendly methods such as the use of
botanicals in the control of insect pests (Suleiman
and Rugumamu, 2017). Botanical insecticides
are naturally occurring insecticides which are
driven from plants (Golob et al., 1999; Isman,
2000). Compared to synthetic compound,
biopesticides are less harmful to the
environment, generally less expensive and easy
processed and use by farmers and small
industries.

Botanical insecticides are used in several forms,
such as powders, solvent extract, essential oils
and whole plants, these preparations have been
investigated for their insecticidal activity
including their action as repellents, anti-feedants
and insect growth regulators (Weaver and
Subramanyam, 2000). The introduction of
powdered leaves of Salvia officinalis L. and
Artemisia absinthium L. to wheat grains was very
effective in reducing population size and
delaying development time of R. dominica (Klys,
2004).

Plant essential oils and solvent extracts are the
most studied botanical method of controlling
stored grain insect infestation (Stoll, 2000;
Shaaya, et al., 2003; Moreire et al., 2007;
Rozman et al., 2007). The essential oils obtained
from different plant species repel several insect
pests and possess ovicidal and larvicidal
properties. For instance, Moreire et al. (2007)
reported that R. dominica was more susceptible
than Sitophilus zeamais and Oryzaephilus
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surinamensis to hexane crude extract of
Ageratum conyzoides. Although they are
considered as environmental-friendly pesticides
(Suleiman and Rugumamu, 2017), some
botanicals, especially oils, are toxic to a broad
range of animals, including mammals (Bakkali et
al., 2008). Suthisut et al. (2011) found that some
natural products were actually more dangerous to
use than the commercial insecticides, because
much more of the product is needed to control the
insects than the fumigation or the synthetic
contact insecticide.

Plant oils are also used for their fumigant activity
against R. dominica (Lee et al., 2004) on the basis
of their efficacy, economic value and used in
large scale storage. In spite of the wide-spread
recognition of insecticidal properties of plants,
few commercial product obtained from plants are
in use and botanicals used as insecticides
constitute only 1% of the world insecticide
market (Rozman et al., 2007).

CONCLUSION

Various on-farm storage system have been
adopted by farmers of northern Nigeria to keep
their farm produce. These storage structures
include mud rhumbu, thatched rhumbu,
underground pit and store room. It has been
observed that different types of insect pests attack
and cause damages to stored grains. Among the
insect pests, Rhyzopertha dominica is one of the
most difficult to manage with insecticide grain
protectants in traditional storage systems due to
its ability to migrate into the grain storage. The
population of R. dominica may also build up
rapidly as both sexes of the insect respond to
pheromones emitted by early arriving males.
Based on this literature review, it is noticeable
that IPM is the best measure to suppress
population growth of R. dominica in stored
grains. This is important in order to minimize the
application of chemical insecticides which are
unfriendly to the environment.

REFERENCES

[1] Abugri, A. D. (2011). The efficacy of ethanolic
root and leaf extract of Chromolaena odorata in
controlling Sitophilus zeamais in stored maize.
M.Sc. Thesis, Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana.

[2] Adejumo, B. A. and Raji, A. O. (2007). Technical
appraisal of grain storage systems in the Nigerian
Sudan savannah. Agricultural Engineering
International: The International Commission on
Agricultural Engineering (CIGR). Journal for

24



A Review of Biology and Management of Lesser Grain Borer, Rhyzopertha dominica F. (Coleoptera:

Bostrichidae) in Northern Nigerian Storage System

Scientific Research and Development. Invited
Overview, 1X(11): 1-12.

[3] Adetunji, M. O. (2007). Economics of maize
storage techniques by farmers of Kwara State,
Nigeria. Pakistan Journal of Social Sciences,
4(3):442-450.

[4] Arifuzzaman, M. D., Al Bachchu, M. D. A,
Omme Kulsum, M. and Ara, R. (2014). Toxicity
and repellency effect of some indigenous plant
extracts against lesser grain borer, Rhyzopertha
dominica (F.) (Coleoptera: Bostrychidae).
Journal of Bioscience, 22: 31-39.

[5] Arthur, F. H., Hagstrum, D. W., Flinn, F. W.,
Reed, C. R. and Phillips, T. W. (2006). Insect
populations in grain residues associated with
commercial Kansas grain elevators. Journal
of Stored Products Research, 42: 226-239.

[6] Bakkali, F., Averbeck, S., Averbeck, D. and
Idaomar, M. (2008). Biological effect of essential
oils: A Review. Food and Chemical Toxicology,
46(2): 446-475.

[7] Bashir, T. (2002). Reproduction of Rhyzopertha
dominica Fab.) (Coleoptera: Bostrichidae) on
different host-grains. Pakistan Journal of
Biological Sciences, 5(1): 91- 93.

[8] Beshir, T. S. D. (2011). Susceptibility of stored
sorghum grains in Renk area to infestation by the
Khapra beetle and the Lesser grain borer. Ph.D.
Thesis. University of Khartoum, Sudan. 105pp.

[9] Birch, L. C. and Snowhball, J. G. (1953). The
development of eggs of Rhyzopertha dominica
Fab. (Coleoptera: Bostrichidae) at constant
temperatures. Australian Journal of Experimental
Biology and Medical Science, 23(1): 37-40

[10]Boxall, R. A. (1998). Grains Post-harvest Loss
Assessment in Ethiopia: Final report. [Working
Paper]. University of Greenwich Natural
Resources Institute. 33pp.

[11]Boxall, R. A., Gebre-Tsadik, M., Jayaraj, K.,
Ramam, C. P., Patternaik, B. B. and Hodges,
R. J. (2004). Sorghum. In: Hodges, R. and Farrell,
G. (Eds). Crop Post-Harvest: Science and
Technology, Volume 2. Blackwell Publishing Ltd.
pp 128-144.

[12]Bunza, M. D. A. (2010). Biological Control: A
Modern Approach to Disease, Pest and Weed
Control. Pyla-mark Publishers. Kaduna, 155pp.

[13]Calvin, D. (1990). Sawtoothed and Merchant
Grain Beetle. Department of Entomology
Entomological Notes, Penn State College of
Agricultural  Sciences. http://ento.psu. edu/
extension/ factsheets/sawtoothed —and merchant-
grain-beetle Accessed on 08/ 11/ 2016.

[14]Campbell, K. R. and Campbell, T. S. (2001). The
accumulation and effects of environmental
contaminants on snake: a review. Environmental
Monitoring and Assessment, 70: 253-301.

25

[15]Campbell, A. and Sinha, R. N. (1976). Damage
of wheat by feeding of some stored product
beetles. Journal of Economic Entomology. 69(1):
11-13.

[16] CGC (2013). Cold weather controls grain insects.
Canadian Grain Commission. https:// www. Top
cropmanager.com/storage-transport/cold-weath
er-controls-grain-insects-12711.  Accessed on
24/09/2017.

[17]Chanbang, Y., Arthur, F. H., Wild, G. E. and
Throne, J. E. (2008). Control of R. dominica in
stored rough rice through a combination of
diatomaceous earth and varietal resistance. Insect
Science, 15(5): 455-460.

[18]Chattha, S. H., Lee, T. S., Mirani, B. N. and
Hasfalina, C. M. (2014). Effects of storage
methods storage duration and different
geographical locations on quality of storewheat
(Triticum aestivum) in Sindh, Pakistan. Journal of
Biodiversity and Environmental Science 5(4):
378-392.

[19] Cuperus, G. W., Noyes, R. T., Fargo, W. S.,
Clary, B. L., Arnold, D. C. and Anderson, K.
(1990). Manage -ment practices in a high-risk
stored-wheat system in Oklahoma. Bulletin of the
Entomological Society of America, 36(2): 129-
134.

[20] Deshwal, R., Gupta, P. K., Vaibhav, V., Kumar,
N. and Kumar, A. (2018). Biology of lesser grain
borer (Rhyzopertha dominica Fab.), under
different temperature and humidity at laboratory
condition. Journal of Entomology and Zoology
Studies, 6(4): 364-368.

[21]Edde, P. A. (2012). A review of the biology and
control of Rhyzopertha dominica (F.), the lesser
grain borer. Joural of Stored Products Research,
48(2012): 1-18. DOI:10.1016/j.jspr.2011.08.007.

[22] Edde, P.A., Phillips, T.W., Nansen, C., Payton,
M.E. (2006). Flight activity of the lesser grain
borer, Rhyzopertha dominica F. (Coleoptera:
Bostrichidae), in relation to  weather.

Environmental Entomology, 35: 616-624.

[23] Edde, P.A., Phillips, T.W., Toews, M.D. (2005).
Responses of Rhyzopertha dominica (Coleoptera:
Bostrichidae) to its aggregation pheromones as
influenced by trap design, trap height and habitat.
Environmental Entomology, 34:1549-1557

[24] El-Lakwah, F. A. and Ab-El-Aziz, A. E. (2000).
Influence of fumigation sheet condition on the
efficacy of phosphine gas against stored grain
insect. Annals of Agricultural Science, 38: 583-
594,

[25]Emery, R. N., Nayak, M. K. and Holloway, J. C.
(2011). Lessons learned from phosphine
resistance monitoring in Australia, Stewart
Postharvest  Review, 3(6): 1-8. DOI:
10.2212/spr.2011.3.6.

[26]FAO (2007). Maintaining quality of food and
feed grain through trade and processing. Good

Journal of Zoological Research V4 e 11 e 2020



A Review of Biology and Management of Lesser Grain Borer, Rhyzopertha dominica F. (Coleoptera:

Bostrichidae) in Northern Nigerian Storage System

practices for animal feed and livestock 2.
Training Manual. Food and Agriculture
Organization of the United Nations, Rome, Italy.
45pp.

[27]FAO (2011). Rural Structures in the Tropics:
Design and Development. Food and Agriculture
Organization of the United Nations, Rome, Italy.
500pp.

[28]Fields, P. G. and White, N. D. G. (2002).
Alternatives to methyl bromide treatments for
stored-product and Quarantine insects. Annual
Review of Entomology, 47(1): 331-359.

[29]Flinn, P. W., Hagstrum, D. W., Reed, C. and
Phillips T. W. (2004). Simulation model of R.
dominica population dynamics in concrete grain
bins. Journal of Stored Product Research. 40(1):
39-45.

[30]FMANR and ODA (1996). A Guide to Insect Pest
of Nigerian Crops: ldentification, Biology and
Control. NRI. Chatham Maritime, UK. Federal
Ministry of Agriculture and Natural Resources,
Nigeria and Overseas Development Administration,
UK. 253pp.

[31]Garcia Lara, S., Ortiz- Islas, S. and Villers, P.
(2013). Portable hermatic storage bagresistanceto
Proste phanus truncates, Rhyzopertha dominica
and Callosobruchus maculatus. Journal of Stored
Product Research, 54: 23-25.

[32]Gilse, P. H. (1964). The insect infestation of
sorghum stored in granaries in Northern Nigeria.
Bulletin of Entomological Research, 55(3): 573-
588.

[33]Golob, P., Birkinshow, L. A., Starthers, T. E.,
Meyer, A. N., Belmain, S. R., Farrell, G. and
Hodges, R. J. (2002). Pest Management. In:
Golob, P., Farrell, G. and Orchard, J. E. (Eds.)
Crop Post-Harvest: Science and Technology,
Volume 1. Blackwell Science Ltd. 566pp.

[34]Golob, P., Moss, C., Dgles M., Fidgen, A.,
Evans, J. and Gudrufs 1. (1999). The use of
species as medicinal and bioactive protectant for
grains F.A.O. Agricultural Service Bulletin,
No.137. 252pp.

[35] Gwinner, J., Harnisch, R. and Otto, M. P. (1996).
Manual on the Prevention of Post- harvest
Grain Losses. Post-harvest Project. Deutsche
Gesellschaft Technische Zusammenarbeit
(GTZ) GmbH, Postfach 5280, D-65726 Eschborn,
FRG. 294pp.

[36]Herrman, T. J. (1998). Integrated Pest
Management in Grain Storage and Feed Mills.
ASA Technical Bulletin, VVol. FT47-1998. 9pp.

[37]Hill, D. S. (1987). Agricultural Insect Pests of the
Tropics and their Control. Cambridge University
Press. New York. 746pp.

[38]Hill, D. S. (2003). Pests of Stored Foodstuffs and
their Control. Kluwer Academic Publishers, New
York. 475pp.

Journal of Zoological Research V4 e 11 e 2020

[39]Isman, M. B. (2000). Plant essential oils for pest
and disease management, Crop Protection. XIVth

International  Plant  Protection  Congress,
Jerusalami Israel, 603-608.
[40]Jia, F., Toews, M.D., Campbell, J.F.,

Ramaswamy, S.B., (2008). Survival and
reproduction of lesser grain borer, Rhyzopertha
dominica (F.) (Coleoptera: Bostrichidae) on flora
associated with native habitats in Kansas. Journal
of Stored Products Research, 44: 366-372

[41]Jood, S., Kapoor, A. C. and Singh, R. (1996).
Chemical composition of cereal grains as affected
by storage and insect infestation. Tropical
Agriculture (Trinidad), 73: 161-164.

[42]Jood, S., Kapoor, A.C. and Singh, R. (1992).
Mineral contents of cereals grains asaffected by
storage and insect infestation. Journal of Stored
Products Research, 28: 47-151.

[43]Kamanula, J. S. G., Belmain, S. R, Sola, P. M.
B., Nyirenda, G. K. C., Nyirenda, S. P. and
Stevenson, P. C. (2011). Farmers’ insect pest
management practices and pesticidal plant use in
the protection of stored maize and beans in South
Africa. International Journal of Pest
Management, 57: 41-49.

[44]Karthikeyan, C., Veeraragavathatham, D.,
Karpagam, D. and Firdouse, S. A. (2009).
Traditional storage practices. Indian Journal of
Traditional Knowledge, 8(4): 564-568.

[45]Klys, M. (2004). Feeding inhibitors in pest
control: effect of herbs addition to food on the
population dynamics of the lesser grain borer
Rhyzopertha  dominica F.  (Coleopteran:
Bostrychidae). Journal of Ecology, 52 (5): 575-
581.

[46] Kucerova, Z. and Stejskal, V. (2008). Differential
egg morphology of the grain pests Rhyzopertha
dominica  and Prostephanus  truncatus
(Coleoptera: Bostrichidae). Journal of Stored
Products Research, 44: 103-105.

[47] Lee, B. H., Annis, P. C., Tumaalii, F. and Wonsik,
C. (2004). Fumigant toxicity of essential oil from
the Myrtaceae family and 1,8 cineole against 3
major stored grain insect. Journal of Stored
Product Research, 40(5): 553-564.

[48]Mada, D. A., Mahai, S., Adamu, I. G. and Girei,
M. M. (2014). Toxicity study of pesticides on
storage cereals legume and oil seed with regard to
storage structures in  Ganye,southern Adamawa
State, Nigeria. International Journal of
Engineering Research and Development, 10(3):
33-39.

[49]Mahai, S., Jamala, G. Y., Mada, D. A. and
Medugu, I. A. (2015). Assessment of sorghum
storage methods in Madagali and Ganye areas of
Adamawa State, Nigeria. The International
Journal of Engineering and Science, 4(10): 01-
06.

26



A Review of Biology and Management of Lesser Grain Borer, Rhyzopertha dominica F. (Coleoptera:

Bostrichidae) in Northern Nigerian Storage System

[50]Mahroof, R. M., Edde, P. A., Robertson, B.,
Puckette, J. A. and Phillips, T. W. (2010).
Dispersal of Rhyzopertha dominica (Coleoptera:
Bostrichidae) in different habitats. Environmental
Entomology, 39(3): 930-938.

[51] Mailafiya, D. M., Dauda, Z., Degri, M. M., Kabir,
B. G. J. and Maina, Y. T. (2014). An
appraisal of insect pests associated with cereal
grains traded in Maiduguri, Borno State, Nigeria.
Int. Letts. Nat. Sci. 14: 76-83.

[52] Majeed, M. Z., Mehmood, T., Javed, M., Sellami,
F., Riaz, M., A. and Afzal, M. (2015). Biology
and management of stored products’ insect pest
Rhyzopertha dominica (Fab.) (Coleoptera:
Bostrichidae).  International ~ Journal  of
Biosciences, 7(5): 78-93. DOI: http:// dx.doi. org/
10.12692/ijb/7.5.78-93.

[53]Mason, L. J. and McDonough, M. (2012).
Biology, Behavior, and Ecology of Stored Grain
Legume Insects. In: Hagstrum, D. W., Phillips, T.
W. and Cuperus, G. (Eds.). Stored Product
Protection. Kansas State University. pp 7-32.

[54]Moore, D. (1992). Biological Control of Mango
Mealybug. In: Markham, R. H., Wodageneh, A.
and Agboola, S. (Eds.). Biological Control
Manual 2: Case Studies of Biological
Control in Africa. UNDP/ 1ITA/ FAO/ CABI
International /OAU. Silwood Park, UK:
International Institute of Biological Control, 95-
125.

[55] Moreire, M. D., Picanco, M. C., Barbosa, L. C.,
Guedes, R. N. C., Campos, M. R. de Silva, G. A.
and Martins, J. C. (2007). Plant compounds
insecticides activity against coleopteran pest of
stored products. Pesquisa  Agropecuaria
Brasileira, 42(7): 909-915.

[56]Mvumi, B. M. and Giga, D. P. (1994). Residual
effectiveness of primiphos-methyl on maize in
small farm stores. Post-harvest Biology and
Technology, 4: 353-360.

[57]Naseem, M. T. and Khan, R. R. (2011).
Comparison of repellency of essential oils
againstred flour beetle Tribolium castaneum
Herbst (Coleoptera: Tenebrionidae). Journal of
Stored Products and Postharvest Research, 2(7):
131-134.

[58] Nukenine, E. N., Chouka, F. P., Vabi, M. B.,
Reichmuth, C. and Adler, C. (2013). Comparative
toxicity of four local botanical powders to
Sitophilus zeamais and influence of
drying regime and particle size on insecticidal
efficacy. International Journal of Biological and
Chemical Sciences, 7(3): 1313-1325.

[59]Perisi¢, V., Hadnadev, M., Perisi¢, V.,
Vukajlovi¢, F., Dapcevi¢-Hadnadev, T., Lukovié,
K. and Beki¢, V. (2018). Technological quality of
wheat infested with Rhyzopertha dominica F.
(Coleoptera: Bostrichidae). Advanced
Technologies, 7(1): 35-40.

27

[60]Phillips, T. W. and Throne, J. E. (2010).
Biorational approaches to managing stored-
product insects. Annual Review of Entomology,
55: 375-397. Prostephanus truncatus (Coleoptera:
Bostrichidae). J Stored Prod Res 44:103-105.
Prostephanus truncatus (Coleoptera:
Bostrichidae). J Stored Prod Res 44:103-105

[61]Pugazhvendan, S. R., Elumalai, K., Ross, P. R.
and Soundararajan, M. (2009). Repellent activity
of chosen plant species against Tribolium
castaneum. World Journal of Zoology, 4(3): 188-
190.

[62] Rees, D. (2007). Insects of Stored Grain A Pocket
Reference. 2" Edition. CSIRO Publishing.
Australia. 81pp.

[63]Robinson, W. H. (2005). Urban Insects and
Arachnids. A Handbook of Urban Entomology.
Cambridge University Press. Cambridge, UK.
472pp.

[64] Roesli, R., Subramanyam, B. H., Fairchild, F. and
Behnke, K. (2003). Trap catches of stored product
insects before and after heat treatment in a pilot
feed mill. Journal of Store Products Research,
39: 521-540.

[65] Rondelli, V. M., de Carvalho, J. M., Pratissoli, D.,
Polanczyk, R. A., de Alenca, J. R. D. C., Zinger,
F. D. and Pereira, S. M. A. (2012). Selection of
Beauveria bassiana (Bals.)  Vuill. Isolates for
controlling  Sitophilus  zeamais  (Mots.)
(Coleoptera: Curculionidae). Idesia (Chile),
30(3): 97-102.

[66] Rozman, V., Kalinovic, I. and Karonic, Z. (2007).
Toxicity of natural occurring compounds
ofLamiaceae to threat stored product insect.
Journal of Stored Product Research, 43(4):
349-355.

[67]Rugumamu, C. P. (2015). Insecticidal activity of
botanical pesticides on Callosobruchus chinensis
(L)) (Coleoptera: Bruchidae) in stored green
gram, Vigna radiate (L). International Journal of
Agricultural research, 4(1): 013-020.

[68] Sanchez, Marinez, R. I., Cortez-Rocha, M. O.,
Ortega-Dorame, F, Morales-Valdes, M. and
Silveira, M. . (1997). End-use quality of flour
from R. dominica infesting wheat. Cereal
Chemistry, 74(4): 481-483.

[69]Schaller, M. (2011). Prospects for biological
control of stored product pests. International
European Symposium on Stored Product

Protection “Strees on Chemical Products”, 429:
25-31.

[70]Shaaya, E. Kostyukovsky, M. and Demchenko,
N. (2003). Alternative fumigants for the control
of stored product insects. Proceeding of the 8"
International Working Conference on Stored
Product Protection, York U.K, pp 556-560.

[71]Sittisuang, P. and Imura, O. (1987). Damage of
rough and brown rice by four stored  product

Journal of Zoological Research V4 e 11 e 2020



A Review of Biology and Management of Lesser Grain Borer, Rhyzopertha dominica F. (Coleoptera:

Bostrichidae) in Northern Nigerian Storage System

insect species. Applied Entomology and Zoology,
22(4): 585-593.

[72] Snelder, D. J., Masipiquena, M. D. and de Sonoo,
G. R. (2007). Risk assessment of pesticide usage
by small holder farmers in Cagayan Valley
(Philippines). Journal of Crop Protection, 27:
T47-762.

[73]Soujanya, P. L., Sekhar, J. C., Kumar, P., Sunill,
N., Prasad, Ch. V. and Mallavadhani, U. V.
(2016). Potentiality of botanical agents for the
management of post harvest insects of maize: a
review. Journal of Food Science and Technology,
53(5): 2169-2184.

[74]Sterling, R. L., Meixel, G. D., Dunkel, F. and
Fairhurst, C. (1983). Underground storage of
food. Under ground Space. 7: 257-262.

[75]Stoll, G. (2000). Natural crop protection in the
tropics: letting information come to life.
Welkersheilm, Germany: Magraf Veriag, 387pp.

[76] Suleiman, M. (2018). Assessment of bioactivity
of selected botanicals against the maize weevil,
Sitophilus  zeamais  Motsch.  (Coleoptera:
Curculionidae) in stored sorghum, Sorghum
bicolor (L.) Moench in northern Nigeria. Ph.D.
Thesis. University of Dar es Salaam, Tanzania.
308pp.

[77]1Suleiman, M. and Rugumamu, C. P. (2017).
Management of insect pests of stored
sorghumusing botanicals in Nigerian traditional
stores. Journal of Stored Products and
Postharvest Research, 8(9): 93-102. DOI: http://
dx.doi.org/10.5897/JSPPR2017.0247.

[78] Suthisut, D., Field, P. G. and Chandrapatya, A.
(2011). Contact toxicity, feeding reduction and
repellency of essential oils from three plants from
the ginger family (Zingiberaceae) and their major
component against S. zeamais and T. castaneum.
Journal of Economic Entomology, 104(4): 1445-
1454,

[79]Throne, J. E. (1994). Life History of immature
maize weevils (Coleoptera: ~ Curculionidae)
on corn stored at constant temperatures and
relative  humidities in  the laboratory.
Environmental Entomology, 23(6): 1459-1471.

[80]Udoh, J. M., Cardwell, K. F. and Ikotun, T.
(2000). Storage structures and aflatoxin content
of maize in five agro-ecological zones of Nigeria.
Journal of Stored Products ~ Research,  36:
187-201.

[81]Upadhyay, R. K. and Ahmad, S. (2011).
Management strategies for control of stored grain
insect pests in farmer stores and public ware
houses. World Journal of Agricultural Sciences,
7(5): 527-549.

[82] USAID. (2011). Staple Crops Storage Handbook.
The United States Agency for International
Development. East Africa Regional Office.
152pp.

[83]Utono, I. M. (2013). Assessment of grain loss due
to insect pest during storage for small scale
farmers of Kebbi. 1.0.S.R. Journal of Agriculture
and Veterinary Science, 3(5): 38- 50.

[84]Weaver, D. K. and Petroff, A. R. (2004). Stored
grain. Rusty grain beetle. High Plains IPM Guide.
A cooperative effort of the University of
Wyoming, University of Nebraska, Colorado
State University and Montana State University.
4pp.

[85]Wright, V.F., Fleming, E.E., Post, D. (1990).
Survival of Rhyzopertha dominica (Coleoptera:
Bostrichidae) on fruits and seeds collected from
Woodrat nests in Kansas. Journal of the Kansas
Entomological Society, 63: 344-347.

[86] Yokoyama, V. Y. and Miller, G. T. (2004).
Quarantine strategies for olive fruit fly (Diptera:
Tephritidae): Low temperature storage, brine and
host relations. Journal of Economic Entomology,
97(4): 1249-125.

Mohammed SULEIMAN, Ramlatu ABUBAKAR and Nasir Hassan WAGIN, “A Review of Biology
and Management of Lesser Grain Borer, Rhyzopertha dominica F. (Coleoptera: Bostrichidae) in Northern
Nigerian Storage System”, Journal of Zoological Research, 4(1), 2020, pp. 18-28.

© 2020 Mohammed SULEIMAN. This is an open-access article distributed under the terms of
the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

Journal of Zoological Research V4 e 11 e 2020

28



