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Abstract: Detailed information on insect pests of stored grains in Nigeria is lacking. A two-year survey was 
conducted to determine the species composition and abundance of insects associated with maize, millet, 
rice, sorghum and tamarind in eighteen locations across five agro-ecological zones in Nigeria. Sixteen 
coleopteran, lepidopteran and hymenopteran species were associated with stored products, with high 
species richness on cereal grains but low species richness on tamarind. Most of these insects are 
polyphagous on cereal grains, whereas the tamarind weevil Sitophilus linearis (Herbst, 1797) 
(Curculionidae), and Caryedon serratus (Oliver, 1790) (Chrysomelidae) were found only on tamarind in this 
study. The maize weevil Sitophilus zeamais (Motschulsky, 1758), rice weevil Sitophilus oryzae (Linneaus, 
1763), lesser grain borer Rhyzopertha dominica (Fabricius, 1792) (Bostrichidae), rusty grain beetle 
Cryptolestes ferrugineus (Stephens, 1831) (Laemophloeidae) and red flour beetle Tribolium castaneum 
(Herbst, 1797) (Tenebrionidae) were most abundant on stored grains. The tamarind weevil, C. serratus and 
the sawtoothed grain beetle Oryzaephilus surinamensis (Linneaus, 1758) (Silvanidae) were most abundant 
on tamarind. The hymenopterans Theocolax elegans (Westwood, 1874) (Pteromalidae), Anisopteromalus 
calandrae (Howard, 1881) (Pteromalidae) and Cephalonomia waterstoni (Gahan, 1931) (Bethylidae) were 
the dominant parasitoids of larvae and pupae of the storage pests. Simpson index of diversity of insect 
species across locations ranged from low (0.63) to high (0.89).  
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Introduction 

Cereals are the most important crops, as 
well as the main sources of calories, in Nigeria 
and many developing countries (Cordain 
1999, Lale & Ofuya 2001). Sources of dietary 
energy are 3% from animal proteins, 11% 
from roots and tubers, 6% from pulses, and 
the remaining mainly from cereals (Cordain 
1999, Schӧnfeldt & Hall 2012, Galati et al. 
2014). The four most widely cultivated cereal 
crops in Nigeria and in sub-Saharan Africa are 
maize (Zea mays Linnaeus, 1753), rice (Oryza 
sativa Linnaeus, 1753), sorghum (Sorghum 
bicolor Linaeus, 1753) and millet (Pennisetum 
glaucum Linnaeus, 1753) (all Poaceae) 
(Edmonds et al. 2009, FAO 2017). In Nigeria, 
maize, sorghum, rice and millet are main 

staple food crops in terms of production 
(10.42, 6.94, 9.86 and 1.50 million tons, 
respectively) and area harvested (6.54, 5.82, 
4.91 and 2.21 million hectares, respectively) 
(FAO 2017), whereas there is no statistical 
record for tamarind (Tamarindus indica 
Linnaeus, 1753) (Fabaceae). It is a leguminous 
tree crop grown mainly in the savanna regions 
of Nigeria and valuable for medicinal, 
confectionary and livestock feed purposes.  

Despite this high level of production of 
cereals, the nutritional demand of the rapidly 
growing population cannot be met due to 
their inadequate supply (Edmonds et al. 
2009). This production-supply shortage is 
caused by interactions of socioeconomic, 
technological, policy, biotic and abiotic factors 
(Odeyemi & Daramola 2000, Oscar 2009, Ojo 
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& Omoloye 2012, Elliott et al. 2014, Ojo et al. 
2016a). Inadequate and high cost of farm 
inputs, poor infrastructure, poor access to 
quality seeds and growing population 
pressure are some of the socioeconomic and 
technological constraints to cereals 
production (De Groote et al. 2004, Oscar 

2009, Galati et al. 2014). Degraded soil and 
climate change are part of the abiotic 
constraints to cereal production (Galati et al. 
2014).  

A significant proportion of harvested grains 
are lost in the field, in transit or in storage 
(Lale & Ofuya 2001, Ojo et al. 2016a, b). 

 
Table 1. Agro-ecological zones and storage pest sampling locations in Nigeria. 

Agro-ecological zones  Municipalities Crops sampled at each farmer’s store 

Northern Guinea Savanna Birni Gwari, Ningi, Dukku, Mubi maize, rice, sorghum, millet, tamarind  

Southern Guinea Savanna Bida, Akwanga maize, rice, sorghum, millet, tamarind 

Semi-Arid Sudan Savanna Kangiwa, Dange, Bichi, Miga, Potiskum, Biu maize, rice, sorghum, millet, tamarind 

Derived Savanna Kishi, Pategi, Isanlu, Otukpo maize, rice, sorghum, millet, tamarind 

Humid Forest Ondo, Uromi maize, rice, sorghum, millet 

 
Table 2. Insect species recovered from samples of stored maize, millet, rice, sorghum and tamarind in Nigeria.  

Species Order  Family Host Pest Status 

Sitophilus zeamais 
(Motschulsky, 1758) 

Coleoptera  Curculionidae Maize, Sorghum, Rice, Millet Primary 

Sitophilus oryzae  
(Linneaus, 1763) 

Coleoptera  Curculionidae Maize, Sorghum, Rice, Millet Primary 

Rhyzopertha dominica 
(Fabricius, 1792) 

Coleoptera  Bostrichidae Maize, Sorghum, Rice, Millet Primary  

Sitophilus linearis  
(Herbst, 1797) 

Coleoptera Curculionidae Tamarind Primary 

Caryedon serratus  
(Olivier, 1790) 

Coleoptera Chrysomelidae Tamarind Primary 

Tribolium castaneum  
(Herbst, 1797) 

Coleoptera  Tenebrionidae 
Maize, Sorghum, Rice, Millet, 
Tamarind 

Secondary  

Lasioderma serricorne 
(Fabricius, 1792) 

Coleoptera  Anobiidae Maize, Sorghum, Millet, Tamarind Secondary  

Cryptolestes ferrugineus 
(Stephens, 1831) 

Coleoptera  Laemophloeidae Maize, Sorghum, Rice, Millet Secondary  

Oryzaephilus surinamensis 
(Linneaus, 1758) 

Coleoptera  Silvanidae 
Maize, Sorghum, Rice, Millet, 
Tamarind 

Secondary  

Plodia interpunctella  
(Hubner, 1813) 

Lepidoptera  Pyralidae Maize, Rice Secondary  

Sitotroga cerealella  
(Olivier, 1789) 

Lepidoptera  Gelechiidae Maize, Sorghum, Rice, Millet Primary  

Corcyra cephalonica 
(Stainton, 1865) 

Lepidoptera  Pyralidae Maize, Sorghum, Rice, Millet Secondary  

Ephestia cautella  
(Walker, 1863)  

Lepidoptera Pyralidae Sorghum, Millet Secondary  

Anisopteromalus calandrae 
(Howard, 1881) 

Hymenoptera  Pteromalidae 
Maize, Sorghum, Rice, Millet, 
Tamarind 

Natural enemy 

Theocolax elegans 
(Westwood, 1874) 

Hymenoptera  Pteromalidae Maize, Sorghum, Rice, Millet Natural enemy 

Cephalonomia waterstoni 
(Gahan, 1931) 

Hymenoptera  Bethylidae Maize, Sorghum, Rice, Millet Natural enemy 
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Stored grains are infested by several insect 
pests, causing economic damage that cannot 
be easily ameliorated. These insect pests bore 
into the intact outer coats of wholesome or 
undamaged seeds (primary pests) or 
penetrate seeds damaged by the primary 
pests or during harvest and post-harvest 
operations (secondary pests). The loss and 
damage caused by these insect pests varied, 
and depend on the species involved, type and 
nature of food materials, and storage 
duration, structure and condition. Any loss 
above 5% is considered an economic loss (Lale 
& Ofuya 2001).  

The knowledge of pest diversity, 
distribution and abundance is important in 
developing and implementing pest 
management strategies against storage pests 
(Lale 2002). There is paucity of information on 
insect spectrum associated with stored grains 
across different locations in Nigeria. Post-
harvest losses threaten farmers’ livelihood 
and income, and food security in different 
regions of Nigeria. Each region has peculiar 
combinations of ecological and socioeconomic 
conditions, which contribute to difference in 
pest diversity and abundance. This study was 
conducted to survey for abundance and 
diversity of insect species associated with 
selected stored grains and tamarind across 
the main agro-ecological zones in Nigeria.  

Materials and methods 

Samples of maize, sorghum, rice, millet and 
tamarind were collected from farmers’ stores 
from eighteen locations in five agro-ecological 
zones of Nigeria (Table 1) during the dry 
seasons (November to December) in 2013 and 
2014. The four cereals were selected because 
they are the most widely grown cereals in 
Nigeria. Tamarind is not grown in the humid 
forest zone, limiting insect collections on this 
product only to the savannas. Three farmers’ 
stores were randomly selected in each 
location, and the same stores were sampled 
in both years. The grains were bagged in  

100-kg bags, stacked on pallets, and stored 
either in woven straw granaries or mud 
storage facilities in the farmers’ houses. Most 
farmers fumigate their grains with aluminum 
phosphide tablets while bagging in 
preparation for storage, whereas no 
fumigation was done on tamarind due to its 
medicinal value and usefulness of its pulp as 
laxative. Four bags of each crop were 
surveyed at each farmer’s location. A 167-g 
sample of each grain type and tamarind 
(approximately one-month-old since harvest) 
was collected from the top, middle and 
bottom of a bag, and thoroughly mixed. 
Samples collected from all three farmers at 
the same location were combined, given  
a 2-kg combined sample of each crop per 
location. They were put in individual sacks and 
transported to the Entomology Research 
Laboratory, Department of Crop Protection 
and Environmental Biology, University of 
Ibadan, Ibadan, Nigeria.  

Each grain sample was put in a cylindrical 
plastic rearing container (16 cm high and 6 cm 
in diameter). Three subsamples (each 300 g) 
were taken from each 2kg sample, then put in 
individual rearing containers. The containers 
were arranged in randomized complete block 
design (RCBD) with ecozone as the main 
factor and type of grain as the blocking factor, 
and kept for 6 weeks in a laboratory 
maintained at 26±2°C, 63±7% RH and  
a 12-hour photophase. The containers were 
observed daily, and emerging insects were 
collected after the six-week storage period. 
The insect species were identified at the 
Insect Reference Museum of the Department 
of Crop Protection and Environmental Biology, 
University of Ibadan, Nigeria.  

A preliminary analysis indicated that the 
insect diversity and abundance were similar 
between the two sampling years. Therefore, 
proportions of insect species and diversity 
data from both years were pooled. In order to 
stabilize the variance, proportion of insect 
population in grains and tamarind was 
arcsine-transformed before analysis of 
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variance (ANOVA) using DSAASTAT (Onofri 
2007). Simpson’s index of diversity was 
calculated according to Magurran (2004) and 
Samways et al. (2010) using Paleontological 
Statistics (Hammer et al. 2001), and averaged 
across locations and zones. In order to assess 
the expected species richness, the ‘Chao and 
Boot’ and the Jackknife 1 indices were used to 
estimate species composition and abundance 
(Longino 1994). 

Results and discussion 

Sixteen species of Coleoptera, Lepidoptera 
and Hymenoptera were associated with 
maize, sorghum, rice, millet and tamarind 
obtained from five agro-ecological zones of 
Nigeria (Table 2). The coleopterans (nine 
species) and lepidopterans (four species) were 
grain pests, whereas the hymenopterans 
(three species) were parasitoids of the pests. 
Seven coleopteran species and all 
lepidopteran species were polyphagous. On 
tamarind, the major insect pests included the 
coleopterans Sitophilus linearis Herbst, 1797 
(Curculionidae), Caryedon serratus Olivier, 
1790 (Chrysomelidae), Oryzaephilus 
surinamensis Linneaus, 1758 (Silvanidae), 
Tribolium castaneum Herbst, 1797 
(Tenebrionidae) and Lasioderma serricorne 
Fabricius, 1792 (Anobiidae). Three 
coleopteran and one lepidopteran species 
were primary pests of maize, rice, millet and 
sorghum, and two coleopteran species were 
primary pests of tamarind seeds. A total of 
seven coleopteran and lepidopteran species 
were considered secondary pests. The 
hymenopterans Anisopteromalus calandrae 
Howard, 1881 (Pteromalidae) were found in 
both tamarind and grains, whereas 
Cephalonomia waterstoni Gahan, 1931 
(Bethylidae) and Theocolax elegans 
Westwood, 1874 (Pteromalidae) only in 
grains. 

This study showed that coleopteran and 
lepidopteran pests are the prevailing orders of 
insects found on stored maize, sorghum, rice, 

millet and tamarind across the agro-ecological 
zones of Nigeria. Similar findings have been 
reported in Burkina Faso where twelve 
coleopteran species and two lepidopteran 
species colonized stored sorghum (Waongo et 
al. 2015). In warehouses in Ghana, four 
coleopteran and two lepidopteran species 
were found (Manu et al. 2018). However, five 
coleopteran species colonized stored maize, 
rice, millet and sorghum in Maiduguri, 
Northern Guinea Savanna, Nigeria (Chimoya  
& Abdullahi, 2011). Similarly, six coleopteran 
species was found on stored grains in 
Maiduguri (Mailafiya et al 2014). 
Contrastingly, Ukeh & Udo (2008) found three 
coleopteran and one lepidopteran species as 
the prevailing groups colonizing maize in 
Obudu, Humid Forest zone, Nigeria. The three 
pyralid and nine coleopteran species found in 
this study made them the most diverse pest 
families and orders of stored products in 
Nigeria. Sitophilus, Rhyzopertha, Tribolium, 
Cryptolestes and Oryzaephilus were the 
predominant coleopteran genera of storage 
insect pests. This observation is similar to 
those reported by Waongo et al. (2015) in 
which the genus Rhyzopertha, Oryzaephilus, 
Cryptolestes and Sitophilus were the 
predominant coleopteran pests on stored 
sorghum in Burkina Faso. Manu et al. (2018) 
reported the genus Sitophilus and 
Prostephanus as the predominant 
coleopteran pests on stored maize in Ghana. 
Chimoya & Abdullahi (2011) reported 
Sitophilus, Tribolium and Rhyzopertha as the 
predominant coleopteran genera on stored 
cereal grains – maize, sorghum, millet and rice 
in Nigeria. The pyralids (Plodia, Ephestia and 
Corcyra) and gelechiid (Sitotroga) were the 
dominant lepidopteran storage insect pests in 
this study. This finding is similar to the reports 
by Waongo et al. (2015) and Manu et al. 
(2018), who observed Plodia, Sitotroga and 
Corcyra as the common lepidopteran storage 
pests. The three hymenopterans were natural 
enemies associated with storage insect pests, 
similar to the reports by Van Huis (1991), Rees 
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(2004) and Ukeh & Udo (2008). They reported 
Anisopteromalus, Cephalonomia, Theocolax 
and Dinarmus as ectoparasitoids of larvae and 
pupae of storage insect pests. Benkhellat et 
al. (2015) also reported A. calandrae 
parasitizing the larvae of Callosobruchus 
maculatus Fabricius (Chrysomelidae). 

The proportion of insect species associated 
with sorghum varied significantly across the 
agro-ecological zones (F4,13=5.86, P<0.001) 
(Fig. 1). The beetles Sitophilus oryzae 
Linneaus, 1763 (Curculionidae) and 
Rhyzopertha dominica Fabricius, 1792 
(Bostrichidae) were the most abundant 
insects on sorghum across the zones. The 
proportion of insect species associated with 
maize across the zones varied significantly 
(F4,13=5.52, P<0.001) (Fig. 2). The proportion 
of Sitophilus was low in the Derived Savanna 
(DS) and Humid Forest (HF) zones, but high in 
the other three zones. The three most 
abundant insect species on maize were 
Sitophilus zeamais Motschulsky, 1758,  
R. dominica and O. surinamensis. The 
proportion of R. dominica was higher 
(F4,13=5.32, P<0.001) in Semi-Arid Sudan 
Savanna (SASS) than in all other zones. The 
abundance of Cryptolestes ferrugineus 
Stephens, 1831 and Tribolium castaneum 
were higher in HF (F4,13=6.01, P<0.001) and 
Northern Guinea Savanna (NGS) (F4,13=5.82, 
P<0.001), respectively.  

Rhyzopertha dominica, S. oryzae and  
T. castaneum were the most abundant insect 
species on rice and millet (Figs. 3, 4). 
Rhyzopertha dominica population was higher 
in HF on millet and in SASS on rice. Sitophilus 
oryzae population was higher on rice in SASS 
and NGS than in all other zones. The 
abundance of these three species were not 
significantly different from the population of 
other species in rice (F4,13=1.11, P=0.26) and 
millet (F4,13=2.42, P=0.31). On tamarind, the 
abundance of S. linearis was significantly 
higher (F4,10=6.17, P<0.001) than those of 
other species (Fig. 5). The abundance of  
S. zeamais, E. cautella, C. waterstoni,  

A. calandrae, T. elegans and L. serricorne were 
significantly lower than those of other species 
on millet (F4,10=6.05, P˂0.0001) (Fig. 4).  

This study has identified the primary pests 
of stored grains and tamarind across agro-
ecological zones in Nigeria to be S. zeamais,  
S. oryzae, R. dominica and S. cerealella,  
S. linearis and C. serratus. Richards & Davies 
(1977) observed the larvae of S. cerealella to 
form webbing on the grains. The secondary 
pests associated with the cereals in this study 
include L. serricorne, P. interpunctella,  
T. castaneum, C. cephalonica, O. surinamensis 
and E. cautella. Raoul & Leonard (2013) 
reported the same group of insects as storage 
pests associated with grains in Cameroon. In 
this study, S. linearis, C. serratus and  
O. surinamensis were the most prevalent and 
destructive species on tamarind, 
corroborating observations by Jacob (1995) 
and Parameswari et al. (2002). Jacob (1995) 
reported C. serratus, S. linearis, L. serricorne 
and R. dominica, whereas Parameswari et al. 
(2002) observed S. caryedon, S. linearis and  
T. castaneum as the main pests of tamarind. 
Sitophilus zeamais was the most prevalent 
pest species on maize, S. oryzae was the most 
abundant species on rice, sorghum and millet, 
and R. dominica were more dominant in all 
the four grains. Sitophilus linearis and  
C. serratus were prevalent on tamarind. These 
observations were similar to Haines (1991), 
Throne (1994), Lale & Ofuya (2001) and 
(Chimoya & Abdullahi (2011) who reported 
that these pests are among the most serious 
cosmopolitan pests of stored grains in the 
tropics and sub-tropic regions.  

The presence of T. elegans, A. calandrae 
and C. waterstoni on these stored products 
attest to the behaviour of parasitoids which 
naturally attack the larvae and pupae of many 
of these pests. Van den Assem & Kuenen 
(1958), Sharifi (1972), Haines (1991), Rees 
(2004) and Benkhellat et al. (2015) reported 
that these wasps parasitize larvae and pupae 
of Sitophilus, Rhyzopertha, Callosobruchus. It 
is known that these parasitoids possess the  
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Fig. 1. Proportion of species associated with sorghum from different agro-ecological zones of Nigeria. DS = Derived 
Savanna; NGS = Northern Guinea Savanna; SASS = Semi-arid Sudan Savanna; SGS = Southern Guinea Savanna; and HF 
= Humid Forest. 
 
 
 
 

 
Fig. 2. Proportion of species associated with maize from different agro-ecological zones of Nigeria. DS = Derived 
Savanna; NGS = Northern Guinea Savanna; SASS = Semi-arid Sudan Savanna; SGS = Southern Guinea Savanna; and HF 
= Humid Forest. 
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Fig. 3. Proportion of species associated with rice from different agro-ecological zones of Nigeria. DS = Derived 
Savanna; NGS = Northern Guinea Savanna; SASS = Semi-arid Sudan Savanna; SGS = Southern Guinea Savanna; and HF 
= Humid Forest. 
 
 
 

 
Fig. 4. Proportion of species associated with millet from different agro-ecological zones of Nigeria. DS = Derived 
Savanna; NGS = Northern Guinea Savanna; SASS = Semi-arid Sudan Savanna; SGS = Southern Guinea Savanna; and HF 
= Humid Forest. 
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Table 3. Diversity indices of insect associated with stored grains and tamarind in different agro-ecological zones of 
Nigeria. 

 Derived Savanna 
Northern Guinea 

Savanna 
Semi-Arid Sudan 

Savanna 
Southern Guinea 

Savanna 
Humid Forest 

Sorghum 

No. of species 13 12 13 12 11 

Simpson index 0.8532 ± 0.18 0.8435 ± 0.19 0.8507 ± 0.18 0.8554 ± 0.16 0.8480 ± 0.17 

Maize 

No. of species 13 13 13 13 11 

Simpson index 0.8658 ± 0.19 0.8678 ± 0.16 0.8807 ± 0.13 0.8703 ± 0.15 0.8591 ± 0.18 

Rice 

No. of species 12 10 12 11 10 

Simpson index 0.8773 ± 0.09 0.8674 ± 0.07 0.8716 ± 0.11 0.8805 ± 0.10 0.8718 ± 0.06 

Millet 

No. of species 12 11 13 13 10 

Simpson index 0.8711 ± 0.12 0.8839 ± 0.09 0.8766 ± 0.06 0.8851 ± 0.08 0.8569 ± 0.11 

Tamarind 

No. of species 6 5 6 5 - 

Simpson index 0.6434 ± 0.17 0.6464± 0.26 0.6346 ± 0.18 0.6425 ± 0.21 - 

 
 

 
Fig. 5. Proportion of species associated with tamarind from different agro-ecological zones of Nigeria. DS = Derived 
Savanna; NGS = Northern Guinea Savanna; SASS = Semi-arid Sudan Savanna; and SGS = Southern Guinea Savanna. 
 
 

ability to discriminate between parasitized 
and unparasitized hosts in a pest complex 
environment (Lale & Ofuya 2001, Rees 2004). 
Unparasitized hosts are being parasitized fast 
as more eggs are laid on them (Benkhellat et 
al. 2015). This ability to parasitize storage 
insect pests are harnessed biological control 

tactics in integrated pest management (IPM) 
program (Lale, 2002, Amevoin et al. 2007).  

Tamarind had the lowest species richness, 
ranging from 5 to 6 species, whereas other 
grains have higher richness ranging from 10 to 
13 species (Table 3). The average Simpson 
diversity indices ranged from 0.6346 to 
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0.8851 (Table 3). Sampling effort analysis 
revealed a potential species richness of 13 (in 
sorghum, maize and millet), 12 (in rice) and  
6 (in tamarind) based on rarefaction curve 
obtained from accumulated data in the 
sampling study. These species richness’ values 
were validated by Jackknife 1 and Chao 
indices. The estimated numbers of species 
obtained from Jackknife 1 analysis were 13.0 
for sorghum, 13.0 for maize, 12.1 for rice, 
13.1 for millet and 6.1 for tamarind, whereas 
those by Chao analysis were 13.0 for 
sorghum, 13.0 for maize, 11.9 for rice, 12.9 
for millet and 5.9 species for tamarind. 
Results indicate that the possible numbers of 
species in the cereals and tamarind were 
realized. Cereal grains were dominated with 
more insects because they provided the most 
appropriate environments and food resources 
for the survival and abundance of insects 
associated with them.  

 Results from this survey suggested that 
grains, such as rice, maize, millet and 
sorghum, should not be stored together 
because they are attacked by similar insect 
pests. Co-storage of large quantity of cereal 
grains will only serve to provide more suitable 
food and increase pest population. 
Management of these pests is important in 
order to improve the livelihood of farmers 
and consumers. The survey results also 
suggested that A. calandrae, T. elegans and  
C. waterstoni, which are natural enemies of 
several storage grain pests, are common in 
grain storage in Nigeria and should be 
explored as biocontrol agents of storage 
pests.  
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