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Abstract Maize is one of the most important cereal crops in Sri Lanka and the world. 
With the increase of the world population, demand for maize keeps on increasing, 
which is accelerated by the increasing demand for poultry feed, for which maize is the 
main energy source. The loss of grain in quantity and the deterioration of quality by 
storage pests remain a main concern. The preservation of maize during storage needs 
to be done sustainably. Considering the drawbacks of the traditional storage methods, 
farmers shifted to chemical pesticides to preserve stored grain. The public awareness 
of environmental safety, toxicity to humans and animals, and the increasing demand 
for pesticide-free food have created pressure on the research community to develop 
alternative measures for the management of stored products insect pests. The research 
findings indicate that the resistant traits in maize can be improved by identifying the 
resistance against storage pests in local varieties and through hybridization. The progress 
in the research, development, and application of biopesticides shows the potential for 
the use of local resources to produce biopesticides for managing the stored products 
pests. The alternative storage pest management strategies are considered simple, 
economical, effective, and environmentally friendly. It is recommended to formulate 
policies to invest more in IPM research, development, and implementation, which also 
include development and cultivation of resistant maize varieties and development 
and application of biopesticides against storage pests to ensure a sustainable and safe 
supply of maize grain for food and feed. 
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Magnitude of the Problem

Maize (Zea mays (L.)) is a major cereal crop due to its various uses as a food, 
feed, and raw material for industries [1]. Maize is the most widely used grain 
in the diets of intensive poultry production in the world [2]. The demand for 
maize in the developing world will be increased by two-folds by 2050 [2]. 
Consuming maize is one of the most important ways for the human body to 
acquire nutrients that are necessary for its normal functioning [3]. On the other 
hand, maize is considered to have a relatively high nutritional value for poultry, 
where the contribution of maize is around 65% of the metabolizable energy 
and 20% of the protein requirements in a broiler starter diet [4].

Maize is the second major cereal crop in terms of the extent of cultivation and 
productivity in Sri Lanka. As shown by Premarathne and Samarasinghe [5], the 
major user of maize in Sri Lanka is the feed manufacturers. Maize grain is also 
used for “Thriposha”, which is a processed food for feeding mothers and infants. 
Part of the harvested green corn is directly used for human consumption, while 
another portion of the local production is used in the feed industry. According 
to [5], the gap between local supply and demand for maize has been widening 
since 2014, mainly due to higher demand for poultry feed formulation that 
paved the way for maize imports [6].The storage of maize grain to be used during 
the off-cultivation season is a common practice. According to Kumari et al. [7], 
3.3%–33.6% of maize is stored after harvesting in the Anuradhapura district. 
The storage statistics of Sri Lankan maize have been hard to estimate. However, 
estimates suggest that 44,000MT of maize grain may be stored annually from 
local production. Kumari et al. [7] stated that the percentage of loss during 
storage was 5%-13%. According to Wasala et al. [8], insect infestation accounts 
for 4–6% of grain losses in tropical countries such as Sri Lanka during warehouse 
storage. In the Sub-Saharan Africa region, maize weevils (Sitophilus zeamais), 
larger grain borer (Prostephanus truncatus (Horn)), moths, and red rust flour 
beetle (Tribolium castaneum (Herbst)) are the major insect pests [9]. These 
pests can incur 100% grain loss within months if they are not controlled.

According to Manandhar et al. [10] and Otieno and Alwenge [9], the use of 
chemical pesticides, such as phosphine, actellic super, shumba dust, and super 
grain dust to manage maize storage is common in developing countries. The 
authors’ preliminary observations found that actellic compounds are mainly 
used to control maize storage pests indiscriminately. The use of chemical 
pesticides in protecting food and food products is found to have a deleterious 
effect on human health [11]. A study on rabbit feed formulated with maize 
contaminated with higher concentrations of actellic dust resulted in toxicity 
symptoms and sometimes death in growing rabbits (Omoyakhi et al., [12]. 

The usage of chemical pesticides to manage storage pests is a common practice 
and the subsequent multi-faceted effects have been documented elsewhere 
[13], [14]. The extensive use of chemical insecticides for the management 
of stored pests has become a global issue due to the environmental 
hazards associated with the development of resistance to the chemicals, 
bioaccumulation in the food chains, broad-spectrum of actions on non-target 
organisms, and the exorbitant cost of the chemicals [15].

The public’s understanding of environmental safety, toxicity to humans, and 
the increasing demand for pesticide-free food have compelled the world 
research community to focus on the development of alternative mechanisms 
like the use of resistant maize varieties and biopesticides against the storage 
pests. Therefore, it is necessary to look for an eco-friendly solution to manage 
the store products pests which is non-toxic to non-target organisms and easily 
biodegradable and could be produced from locally available raw materials 
while minimizing the use of synthetic pesticides to sustain the supply of safe 
food and feed. 

Insect Pests Associated with Maize Grain

The insects that cause damage to the maize in storage, affecting the quantity 
and quality, have already been identified by several research studies. Insects 
that affect healthy grains like maize and inflict losses on grains are referred to 
as primary pests. Secondary pests, on the other hand, are those that target 
already damaged grains and inflict more harm [16]. Table 1 summarizes the 
insect pests that damage the maize grains.

Due to their feeding activities, insects increase the temperature of the product, 
resulting in “hot patches’ that can reach up to 57 °C [23]. These patches cause 
a concentration of dampness within the product, promoting grain degradation 
and more fungal growth. The influence of quality can be significantly damaged 
by a secondary infection from a variety of fungal species. Fungal contamination 
causes changes in color, taste, and odor, as well as a decrease in nutritional 
value, an increase in free fatty acids, and a decrease in germination capacity [4]. 
Mycotoxins are metabolites generated by this fungus that can cause a variety 
of health issues. Aflatoxin produced by Aspergillus spp. has particular concern 
over its significant carcinogenic qualities, which has restricted global trade [23].
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Table 1: Common maize storage pests 
Common 
name

Scientific name Type of pest Reference

Maize weevil Sitophilus zeamais  Primary Pest [17], [18]
Granary weevil  Sitophilus granarius (L.)  Primary Pest [17], [19] 
Rice weevil Sitophilus oryzae (L.) Primary Pest [20], [18]
Red rust flour 
beetle

Tribolium castaneum 
(Herbst)  

Primary Pest, Second-
ary Pest

[17], [18]

Confused flour 
beetle

Tribolium confusum 
(Jacquelin du Val)

Primary Pest, Second-
ary Pest

[20], [17] 

Lesser grain 
borer

Rhyzopertha dominica 
(Fabricius)

Primary Pest [20], [19] 

Larger grain 
borer

Prostephanus truncates 
(Horn)

Primary Pest [21], [17]  

Saw toothed 
grain beetle

Oryzaephilus suri-
namensis (L.)  

Secondary Pest [21], [22] 

Yellow meal-
worm beetle

Tenebrio molitor (L.)  Secondary Pest [21], [17] 

Flat grain beetle Cryptolestes pusillus 
(Schonherr)

Secondary Pest [18], [17] 

Rusty grain 
beetle

Cryptolestes 
ferrugineus

Secondary Pest [17], [20]

Merchant grain 
beetle  

Oryzaephilus mercator 
(Fauvel) 

Secondary Pest [17] 

Square-necked 
flour beetle

Cathartus quadricollis Secondary Pest [17]

Indian meal 
moth

Plodia interpunctella 
(Hubner)

Secondary Pest [18], [22] 

Rice moth Corcyra cephalonica 
(Stainton)

[18] 

Maize grain 
moth

Sitotroga cerealella 
(Olivier)

Primary Pest [17], [18]

Tropical ware-
house moth/ 
Almond moth

Ephestia cautella 
(Walker)

Secondary Pest [17], [18], [20]

Further, because of contamination with dead insects, waste materials, frass, 
and dust due to insect activity, the grain loses its economic value and earns a 
poor grade [25]. A pest infestation can also increase the amount of fatty acids 
in the grain and leave large amounts of uric acid, which causes grain rancidity 
[6]. Contamination of the embryo of seeds by Eurotium fungus can result in a 
50–100% diminution in germination, lower levels of amino acids in the grain, 
and loss of the unique grain odour and flavour [24]. The natural odour of grain 

bulk is changed into a musty or mouldy odour in extensively infected grain 
bulk. Several Aspergillus and Penicillium species are linked to mycotoxins 
(orchratoxin A in maize) that can cause serious health problems in humans 
and animals [24]. Consumer demand for safe and hygienic food free of pests 
and chemical residues has increased over the years. Even though exporting 
countries strive to keep their grain consignments ‘insect-free’, sometimes, 
as a result of phytosanitary measures failing, when live insects are spotted 
at importing terminals, the entire shipment of grain may be rejected, or a 
demurrage fee, as well as disinfestation fees, may be imposed [23].

The intake of contaminated feed by animals is the most common route for 
pesticide/insecticide contamination of animal origin food [27]. Hamid et al. 
[28] reported that, chlorinated pesticide residues were observed in the body 
tissues and eggs of chickens i.e., Bifenthrin and difenoconazole were found in 
egg samples. Because of the lipophilic nature of the organochlorine pesticides, 
they congregate in fatty tissues and bioaccumulate throughout the food chain 
[29]. As a result, these chemicals are present in larger amounts in fatty foods, 
and organochlorine pesticide exposure can also occur through low-level food 
contamination. Eggs have a high fat content and will acquire long-lasting 
organic contaminants such as polychlorinated biphenyls (PCBs), dioxins, and 
pesticides [28]. As shown by [30], the Endosulfan pesticide caused lower egg-
hatchability and sterility in hens. The following insecticides are frequently used 
in maize storage to eliminate pest damage by local farmers.

Actellic Super (Pirimiphos methyl)

Actellic super is a frequently used insecticide in Sri Lanka to prevent storage 
pests during the storage of maize grains by the local farmers [31]. The active 
component in Actellic super dust is O-2-diethylamino-6-methylpyrimidin-
4-yl-O, O-methyl phosphorothioate, also known as pirimiphos-methyl [12]. 
Actellic super is a broad-spectrum organophosphorous non-cumulative 
insecticide and acaricide with the mode of action of contact and fumigant [12]. 
After exposure for 14 days, pirimiphos-methyl causes an elevated level of death 
to immature larvae of around 60% in maize storage [32]. Likewise, pirimiphos-
methyl controlled four psocid (Psocoptera) species on maize by 100% [33]. 
Another study based on pirimiphos-methyl was found to be successful in 
controlling twelve populations of Sitophilus granarius [34]. The average 
residues of pirimiphos-methyl found in the food products were frequently in 
the range of 40 -60% of the nominal dose [12].Mahugija et al. [35], found that 
pirimiphos methyl was detected at different levels in kidney, liver, and muscle 
samples of the chickens in Tanzania. A study conducted in Egypt also revealed 
that pirimiphos methyl was found in chicken samples [36]. Pirimiphosmethyl 
is a relatively cheaper pesticide that is extensively used to preserve food from 
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pests across the globe, notably in the African region. Pirimiphos-methyl is a 
non-cumulative insecticide that causes the hydrolysis of body choline esters, 
including acetylcholine, at cholinergic synapses [37]. Inhibiting aforesaid 
enzymes will result in both nicotinic and muscarinic actions in the body, such as 
muscular contraction and secretion in numerous glands.

Storage Methods Used to Store Maize Grains 

Storage methods are mainly divided into traditional, conventional, and 
modern, which are further subdivided based on either construction techniques 
or both   construction techniques and principles used (Figure 1). Traditional 
grain storage management practices have losses ranging from 20% to 50% [38].
Traditional grain storage buildings are offered to farmers in order to conserve 
and propagate them for future use. Apart from being environment-friendly, 
these structures are cheaper, and locally accessible, preserve the stored grains 
and do not pose any health risks [39]. However, farmers moved away from 
traditional and conventional methods and began using synthetic chemical 
preservatives due to the inefficiency of traditional and conventional methods 
[40]. It was found that the initial investment and the related technology are the 
main obstacles in adopting modern storage methods by smallholder farmers in 
developing countries [41].

Development of Resistant Maize Varieties

Several research studies conclude that the development of resistant maize 
varieties against grain stored product pests is possible and can be encouraged for 
field and commercial cultivation. Table 2 summarizes resistant maize varieties 
identified or developed against stored product pests and corresponding 
recommendations by various research studies in various regions of the world. 
According to Zunjare et al. [49], the developed resistant varieties would be 
a sustainable and economically viable solution to post-harvest loss of grains 
during storage.

Figure 1: Traditional, conventional and modern methods used to store maize grain
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Table 2: Resistant varieties identified against maize storage pest
Resistant varieties and recommendations Target pest  Reference

2000SYNEE-WSTRand TZBRELD3C5.  

Can be used singly or best in an integrated pest 
management process.  

Sitophilus zeamais  
(maize weevil) [50]  

ZM421 and ZM521 highly tolerant maize varieties.

Need to breed ZM521 and ZM421 maize varieties in 
breeding programs for weevil resistance.  

Sitophilus zeamais  
(maize weevil) [51] 

2000SYNEE-WSTR and TZBRELD3C5.

Can be used to control grain damage in maize stor-
age.

Sitophilus zeamais 
(maize weevil) [52] 

The variety SR52 under the laboratory CTH and the 
stock room ATH conditions is considered as resis-
tant.

Resistance to can be developed to minimize the 
grain loss. 

Sitophilus zeamais 
(maize weevil)

[53] 

BHQP-542’

can be used in storage management 

Sitophilus zeamais 
(maize weevil) [54] 

Pertiwi 3 are resistant ones.  Bisi 19, Bisma, Bisi 18, 
Pioneer 21 and Pioneer 29 are moderately resistant 
in Indonesia. 

Can be used to reduce grain losses during  storage.

Sitophilus zeamais 
(maize weevil)

[55] 

Early-Thaï, DMR-ES and Tzee-Yellow

Can be used  to reduce the maize postharvest losses.

Prostephanus trunca-
tus (Horn) (larger grain
Borer) 

[56] 

BHQP-542 is the resistant maize variety.

Promoted for stored pest management in 
eco-friendly manner for small scale farmers in the 
tropics.  

Sitophilus zeamais 
(maize weevil)

[57] 

Transgenic avidin maize, 

Avidin when present in maize at levels of ≥100 ppm 
toxic to and prevents development of insects which 
cause damage to grains during storage.

Sitophilus zeamais 
(maize weevil) and 
many other species of

stored-product pests
[58]

The term “insect resistance” refers to “the relative amount of heritable qualities 
possessed by a plant or its materials (for example, its seeds) that influence the 
ultimate degree of damage done by insects.” [59].  For stored grains, resistance 
represents the ability of a certain crop variety to produce grains that maintain 
better quality than commonly cultivated varieties following long storage under 
similar insect populations” [60].

The host plant resistance (HPR) is found in the seeds that are readily available 
to farmers for cultivation. After seeding them, farmers do not require more 
effort in order to manage post-harvest pests of maize. HPR to post-harvest 
insects is an inherent characteristic that has been demonstrated as antibiosis, 
antixenosis, and tolerance [61]. Antibiosis is the negative impact of the host-
plant on the biology of the insects and their progeny (survival, development, 
and reproduction). Antixenosis is when the plant and the seed are not desirable 
as a host and the pests and post-harvest pests look for other hosts. Tolerance 
refers to a situation where the plant is able to withstand or recover from stem 
borer damage [62].

Nwosu [63] concluded that the variation in resistance levels of the elite maize 
varieties is a measure of the intrinsic ability to resist S. zeamais attack. The 
antibiosis effect of the resistant elite maize varieties significantly affects the 
survival and development of S. zeamais. The combined effect of antixenosis 
(non-preference) and antibiosis due to the presence of a higher level of crude 
fiber in grain, phenolic acid, and trypsin inhibitor is responsible for resistance 
to S. zeamais infestation. On the other hand, higher levels of protein, starch, 
and minerals cause the elite varieties to become susceptible. Further, Nwosu 
[63] suggested that the testing of protein, starch, and minerals are needed for 
impairment for a maize breeding program which will help against the infestation 
by S. zeamais in stored maize. However, it is important that this does not lead 
to substantial nutritional losses in the amount required by human beings and 
livestock. 

Lopez-Castillo et al. [20] demonstrated that the understanding of resistance 
mechanisms is the basis for the development of new effective and resistant 
varieties for a sustainable measure for developing countries. The mechanisms 
of resistance (anatomical, biochemical, and genetic) and underlying factors 
for each resistance type and their implications for different storage pests are 
comprehensively investigated and documented.

Nwosu [63] indicates that the integration of the resistant chemical properties 
into other maize varieties is necessary to increase their resistance to S. 
zeamais. Several studies indicate that physical properties have been shown to 
be a basis for resistance to the attack of S. zeamais and some other insect 
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pests of stored maize [64]. The existing literature clearly indicates that resistant 
traits in maize can be improved by identifying the resistance against storage 
pests in existing local varieties and through hybridization. The development of 
resistance varieties is considered the easiest, most economical, effective, and 
environmentally friendly way of managing insect pests on stored grains. Further, 
there is no specific technology that can be used by the farming community and 
they need to invest only in seeds. It is also important to note that the method 
can be easily incorporated with IPM since it is highly compatible with other 
pest management methods in grain storage.

Use of Biopesticides for Maize Grain 

Researchers found the various aspect of stored grain pest management 
techniques including design of storage structure with different capabilities for 
manipulation of the environment, application of chemical and biopesticides, 
mechanical and traditional pest control methods and factors to prevent the 
infestation in the stored grains. Plant essential oils and their components with 
fumigant actions are used  as biopesticides since the use of plant sources 
with  the benefit over traditional fumigants in regards to  low mammalian 
noxiousness, rapid decaying, and readily available in the local environment. 
Several plant species have been recognized with fumigant properties to control 
insects of stored grain during the last four decades (Table 3) . It has been 
evident that most of the plant extracts can control the feeding and breeding 
of stored grain insects or even kill them swiftly to chemical fumigants [65]. For 
example Sharma [66] found that neem-based products with recommended 
concentrations protected maize against S. oryzae, S. cerealella, R. dominica, 
and T. castaneum over five months. Neem has also been demonstrated to be 
effective against maize storage insects in several investigations [67].  

Table 3: Plant parts used for insecticidal activities against storage insects of
maize
Scientific name Common 

name
Plant part 
used

Target pests Refer-
ence

Acorus calamus (L.) Sweet Flag Rhizome Sitophilus ory-
zae, Tribolium 
castaneum

[68]

Anethum graveo-
lens (L.)

Dill Seed T. castaneum [69] 

Annona squamo-
sa (L.)

Bullock’s Heart Leaf and stem S. oryzae [70]

Artemisia an-
nua (L.)

Mugwort Stem and leaf T. castaneum [71]

A.capillaris Chinese 

wormwood

Stem and leaf Sitophilus zeamais
[72]

Carum carvi (L.) Caraway Fruit S. zeamais, T. cas-
taneum [73]

Eucalyptus globulus  Blue Gum Leaf S. oryzae, T. cas-
taneum [74]

Hyptis spicigera  Black Sesame Whole plant S. zeamais [75]
Lavandula angus-
tifolia

Lavender Whole plant S. oryzae, R. domini-
ca, T. castaneum [76]

Momordica charan-
tia (L.)

Bitter Gourd Leaf and seed S. oryzae, T. cas-
taneum [77]

Cinnamomum aro-
maticum

Cassia Bark T. castaneum, S. 
zeamais [78]

Psidium guaja-
va (L.)

Guava Leaf S. oryzae [79]

Mentha citrate Peppermint Aerial part T. castaneum, C. 
maculatus [80]

Z. officinale Ginger Rhizome T. castaneum [81]
Convolvulus arven-
sis (L.)

Bind weed leaves R. dominica, S. 
oryzae [82]

Colocasia esculenta 
var. esculenta (L.)

Cocoyam Rhizome S. oryzae, T. cas-
taneum, C. chinensis [83]

Pimenta racemosa Bay rum tree leaves S. zeamais [81]
Lantana camara 
(L.)

Shrub verbena Leaves S. oryzae, T. cas-
taneum, R. dominica [84]

Tagetes filifolia Irish lase Aerial parts T. castaneum [85]

Vitex negundo (L.) Nirgundi Leaf S. oryzae [86]
           Eucalyptus 

spp.
Gum tree leaf S. oryzae [82]
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The subject of biopesticides has developed excellent application prospects 
during the last ten years, with numerous social and economic benefits. 
Biopesticide research and use have progressed to the point where hazardous 
pesticides are being replaced in the market, resulting in a decrease in chemical 
pesticide manufacturing by 2% each year in recent years [87]. Application of 
biopesticides is considered an eco-friendly method to reduce the effect of pests 
on stored products while also reducing the hazards to the environment and 
also humans and animals. At present, improving the quality of stored products 
is a challenge due to the storage pest attack. It is necessary to improve quality 
and quantity while improving the range of commodities, keeping quality with 
scientific-technical advancements in line with the demand of the country. 
Further, the preservation quality and quantity would ensure better nutrition 
for a mass of the population who suffer from malnutrition.

Conclusions

This chapter evaluated the literature on challenges caused by insect pests in 
storage of maize, storage methods used, chemical pesticides used to manage 
storage pests, research and developments on resistant maize varieties 
which produce grains that are less susceptible to storage pest damage; and 
advances made on biopesticide applications. The purpose was to explore the 
progress in innovations and developments in storing and supplying maize grain 
sustainably that are safe for human consumption and animal feed formulation. 
A significant portion of maize grain loss by insect pests takes place during 
the storage, which is, however, dependent on the environmental conditions, 
micro-climatic conditions of the storage, maize variety, nutrient composition 
of the grain and the methods used to manage the pests. The traditional 
methods used to store maize grains are ineffective in controlling the storage 
pests.  Certain conventional and modern methods used are not affordable for 
small-holder farmers. Though chemical pesticides significantly reduce grain 
loss, environmental threats, chemical resistance development, the availability 
of harmful residual effects in food, a broad spectrum of actions on non-focal 
organisms, and the high cost of the chemicals are major concerns. Mazie 
variety identification and hibrydization in different parts of the world indicate 
the high potential for the development of resistant varieties to produce less 
susceptible grain to maize storage pest attack. The progress made with regard 
to biopesticide application indicates the potential for local innovations through 
research and development using local resources.
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