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Abstract

Maize is the primary staple crop grown, nearly in all agro-ecological zones of Ethiopia. Despite the steady production of maize,
post-harvest losses of maize remained a serious challenge. In Ethiopia, traditionally farmers use different storages structure
for their grain. Gombisa is one of above ground storage structure used by most of farmers. However, those traditional storage
structures were not effective in protecting the grain from insect, microbial infestation and environmental factors. Farmers
have indigenous knowledge of storage management practices to cop up with this post-harvest loss. The traditional wisdom
and methods of storage can protect commodities from insect infestation for substantially longer periods. Among the farmers’
practices; sun drying, use of botanicals, hanging over fire, mixing with wood ash, mixing with partially ground chillies (hot
pepper), and storing unshelled maize were some of the storage practice proven effective in minimizing storage infestation.
Some of these practices were also effective in controlling mould development that leads to the occurrence of aflatoxin. This
review suggested that, modifying traditional storage structure and providing improved storage systems that are affordable for
smallholder farmers, could be a possible option to mitigate post-harvest loss.
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Introduction

Agriculture is the backbone of the economy in most Sub-
Saharan African (SSA) countries, contributing significantly
to Gross Domestic Product [1]. In this sector, grains are
major product World Bank [2] of which maize is the main
contributor. Globally, Maize (Zea mays L.) is the third most
important crop after rice and wheat [3]. Maize is a basic
staple food grain for large parts of world including Africa,
Latin America, and Asia [4]. It is an important cereal grain
grown widely in sub-Saharan Africa as a staple food crop
[5] contributes to food security of small-scale farmers [6].
In Ethiopia, maize is the second most widely cultivated crop
and grown under diverse agro-ecologies and socioeconomic
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conditions typically under rain-fed [7]. In Ethiopia, maize
production increased due to improved input use and
extension services [8] however, undeniable losses arise by
the time of storage, mostly due to storage insects [9].

Post-harvest losses are one of the major challenges
for food security in the developing world. Among the
key constraints to improve food security in Africa, losses
resulting from poor post-harvest management of grains are
the major factor [10]. A substantial amount of food grains is
being damaged after harvest due to lack of adequate storage
and processing facilities [11]. In many developing and the
sub-Saharan African countries, grain storage practices
involve traditional structures, which are largely ineffective in
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the prevention of deterioration of stored products and insect
attack [12,13].

Post-harvest losses of dry durable commodities in sub
Saharan Africa are estimated to range from 20 to 40% [14].
Losses up to 50% in cereals and 100% in pulses have been
reported, although average losses stand at about 20% [13].
Indeed, it was estimated that, 10-88% of the total maize
produced each season in the region is lost due to field and
storage pests [15,16].

In Ethiopia, grain storage losses due to insect pests were
estimated tobeintherange of10-21% [12] whichis consistent
with losses in other sub-Saharan countries. Tefera, et al.
[17] reported that, the post-harvest loss of grain in Ethiopia
range from 20 to 30%. The majority of framers in Ethiopia
use traditional storage containers that exposes stored grains
to storage insect pest, mould and other lose factors [18].
Study findings reported that on-farm storage practices and
structures in South-western Ethiopia could make maize
susceptible to different types of damage, including storage
pests and mould development [19-20]. Many scientific
finding specified that mycotoxins are common contaminants
of stored maize in Sub-Saharan Africa [21]. While a number
of efforts are being implemented to help alleviate ravages
caused by field pests [22], post-harvest losses resulting
from insects remain a huge challenge. Complementing
indigenous knowledge with modern technology is important
to overcome the challenge of post-harvest loss. Traditional
methods of storage are a type of knowledge that has evolved
into the community and has been passed on from one
generation to another generation [23]. Certain traditional
methods of grains storage practices are unique to the culture
of society and vary among countries, villages, locals and even
communities. These indigenous practices are originating
from the cultural connection with specific environmental
conditions and are based on traditional societies having
intimate consciousness of their environment.

Farmers’ indigenous pest management knowledge is site-
specific and could be used as the basis for developing
integrated pest management (IPM) techniques [24,25].
In order to reduce the losses incurred after harvesting,
farmers take measures such as sufficiently drying maize
before storage, using storage structures which are moisture
proof and are adequately aired [26]. Different management
practices are taken by smallholder farmers to protect stored
maize from insect damage. Farmers use such storage insect
management practices as mixing the seed with botanicals
and inert dust, and physical methods such as smoking and
drying [27,28]. Different finding confirmed that, farmers
had used different traditional methods to protect their seeds
from infestation with storage insects [29,30].
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The purpose of this review is to assess available
information regarding different traditional storage structure
and recommend effective storage structure that could
minimalize loss. The review also focuses on traditional
storage management practices that could be effective in
storage pest control. Moreover, the review also suggested
strategies that could be used to reduce post-harvest loss.

Post-Harvest Handling Practice of Maize

Harvesting: World Bank suggested that, the appropriate
time of harvesting for grain is at a moisture content of 20-
30% [2]. Harvesting following physiological development is
a significant part of overseeing maize weevil invasion [31].
However, in most of the developing countries harvesting
and post-harvest handling methods were manual dominated
which is quite labour intensive [32]. Moreover, the farmers
did not use the moisture tester to harvest maize at optimum
moisture content for safe storage [33]. Maize harvesting
follows two methods. In some places, harvesting is done by
detaching the ears from the stalk standing in the field (either
de-husked or left in sheaths). Maize is harvested by cutting
the stalks by sickle and stacking them with ears in the field in
an upright position for some time for further drying.

In Ethiopia, the harvesting time of maize varies with
ecology. Garbaba, et al. [33] reported that, harvesting of maze
around southwest Ethiopia started in September and lasted
until end of December. In Jimma zone, harvesting of dry cobs
is done from October to December depending on the variety
and time of planting, while the early maturing local varieties
can be harvested for green cobs in July [34]. Farmers in
Shashogo and Sankura woredas Hadiya zone, South Ethiopia
harvested maize between November and January [35].

Although moisture tester and other scieOntific
instruments were not used, farmers use varies technique
to determine the stage of harvesting. Farmers used visual
observation, crop calendar method, shelling and observing
kernel dryness; and checking seed hardness with the
proportion to determine the dryness of the crop for
harvesting. Most of the farmer uses visual observation to
harvest their maize [33]. Farmers determine the right time
of harvesting based on their long-established practices;
crop calendar, color change of leaves, harvestable parts,
and texture of the seed or kernels [36]. Similarly, a study
conducted in fourteen, selected woreda’s of Ethiopia by FAO
[28] indicated farmers determine the right harvesting time of
maize based on observable physical and physiological factors
like; dryness of leaves and stalks, drooping of the head, the
easiness of removing seeds from the cobs while shelling, and
time the crop has stayed in the field. The cob of maize bends
and hangs downwards as a natural sign of readiness of the
crop for harvest, if not, it is an indication that the optimum
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moisture content for harvest is not yet reached [28].

Pre-Storage Treatment and Drying

Selection of insect-free maize cobs at harvest or storage,
winnowing and screening of shelled/threshed grain sun
drying of grain spread in thin layers on the ground, exposure
of grain to low night-time temperatures (spread in thin
layers on the ground). Farmers used traditional methods to
test moisture content in grains such as biting dry grains or
shaking grains in a can and listening to the sound produced
to determine whether the crops were dry or not [37].
Harvested maize cobs are sometimes stacked in the field
before being transferred to the homestead for immediate
storage or threshing/shelling and storage. Most of the
farmers practiced on-farm drying with the cobs still attached
to the stalk, the drying process was usually done by heaping
up or spreading out the cobs on bare ground.

Farmers in Tanzania tested for grain dryness by biting or
listening to the sound produced by the maize grains [38]. In
Ghana, the farmers were reported to check for maize dryness
using their teeth by biting [39]. In Guatemala, farmers have
different practices; use of fingernail tests (32%), mouth
test (16.9%), and a combination of visualization and sound
(45.4%) tests to check for maize dryness before storage
[40]. Farmers use traditional methods to test moisture
content in grains; biting dry grains or shaking grains in
a can and listening to the sound produced to determine
whether the crops were dry or not [40]. Study conducted in
Kenya indicated that, about 88.8% of the study participant
practiced aeration/sun-drying as a means of mitigating
insect infestation [10]. Such traditional practices are not
accurate and might lead to maize being stored while still
having high moisture content, hence making it susceptible to
fumonisin and aflatoxin contamination [41].

Ethiopian Traditional Maize Storage

Storage plays an important role in postharvest food
supply chains. The smallholder farms in Africa usually
store their produce for home consumption or as seed until
they sell it in local markets [42]. Various studies conducted
in Ethiopia showed that farmers use different traditional
storage containers [43,44]. There are different forms of
traditional storage structures, generally made of locally
available materials such as bamboo split, wooden walls,
mud, and thatched grass roofs. In different parts of Africa
smallholder farmers uses different storage structure to store
their grain [10,45].

Underground Storage (Pit)

Grains such as sorghum and maize are stored
underground in some parts of the Ethiopia [28], but it is
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unusual for teff to be stored in such pits. Underground pit
grain storage is common in dry lands of Ethiopia where there
is shortage of wood and other materials for construction of
above ground storage bins [46,47]. The pit gate is covered
with a combination of locally available materials such as
strips of timber, stone, soil, animal dung and mud [48]. It can
be constructed outside or inside of farmers’ house. Farmers
have different criteria that they used to select a place to
make storage pits. These include closeness to residences;
choice of a more raised place to avoid leakage or percolation
of moisture during rainy season; soil type and property, etc
[34].

Different literature indicated little variation in
dimension of the pit and estimated capacities of pits vary
greatly. According to Dejene [48] the average capacity of pits
in East and West Hararghe varied from 0.4 to 3.08 tons. The
common pit capacities varied from 1ton to 1.5 tons. A nation-
wide survey conducted by Abraham [47] showed that, more
than 12% of the interviewed farmers reported that they use
pit stores. Boxall [46] indicated that in Hararghe province
about 70-75% of the farmers used underground storage
pits exclusively and 8-12% used it in combination with
other storage methods. Similarly Dejene [48] indicate most
peasants in Hararghe store their sorghum and sometimes
maize in traditional underground pits. The survey conducted
in Jijiga area designated that only pits and bags were used as
storage containers used in all of the sites visited [49].

Farmers justified that underground pit storage can
protect the grain from fire, theft, insect pests, and domestic
and wild animals. Indigenous underground pit storages
are considered as cheap and cost effective for storing grain
for consumption [50]. Similarly, Dejene [48] reported that,
low cost of pit dug or preparation was the major reason for
choosing underground pit storage in areas where wood for
aboveground bin construction was not available. Farmers
also believe that God and bountiful, bless grain stored in
underground pit [48].

Above Ground Traditional Storage Structure

Gombisa (Gotera): Gombisa and gotera are the same.
Gombisa’ in Afan Oromo and gotera’ is in Amharic. Studies
conducted in various parts of Ethiopia indicated that,
Gombisa is one the most common maize storage structure
used by majority of the farmers across all agro-ecological
settings [18,43]. Gombisa is an above ground cylindrical
shaped traditional storage bin used to store maize cob. It is
the type of circular granary, made by interweaving locally
available materials; mostly bamboo split by local artisans .
It is outdoor containers made from split or whole bamboo
poles or other tree sticks and its roof thatched by dry grass/
hay or corrugated iron sheet and usually raised off the
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ground on stones or a wooden platform.

The constructions of gombisa differ according to local
available materials and traditions. The size of a gombisa
can vary depending upon the volume of production, and the
capacity is usually between one and four tons . The height
and diameters of Gombisa varied from 124 to 155 and 148
to 304 cm respectively. Gombisa is used for storage of shelled
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grain and for maize on the cob. Plastered gotera is used for
shelled maize while, without plastering is used for storage
of unshelled maize, while which requires further drying.
Figure 1A, 1B, 1C & 1D indicate plastered and unplastered
respectively. The most critical problem observed in gombisa
was not climatically controlled structure, resulting in high
moisture leakage during the rainy season and the common
formation of mould on stored maize .

Figure 1C

Figure 1: Grain storage structures: plastered gombisa with mud (A) and un-plastered gombisa (B) and Gumbi(C) and (D).

Figure 1B

Figure 1D

Gumbi: Gumbi, Gota, dibignit, godo, and gushgush are names
given to similar types of containers (capacities may vary) in
different parts of the country. Gumbi is a structure made from
short cylindrical ring structures constructed from a mixture
of mud reinforced with straw and fixed into one another
using mud as a mortar to make a bigger container [9]. Gumbi
is used almost exclusively for storage of shelled grain [51].
Their sizes vary, and they are usually kept indoors. The small
size gumbi is made of a single piece, whereas the big ones
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(with a capacity of more than three tons) are usually made
of rings (known as dengel in some localities) stacked one
above the other so that the vessel can be taken apart and
reassembled elsewhere.

Kefo, Togogo or Kirchat: are also similar to gumbi but these
are usually made up of splitted reeds, bamboo or twigs,
may be plastered with cow-dung from inside, and are kept
indoors or outside abutting on the wall of the house [52].
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Bags and Polypropylene Sack: Bags are flexible to
store different types and different quantities of seed, the
commodity can easily be removed for consumption, and
the stores can be easily inspected [27,53]. In Ethiopia and
other African countries, the use of bag has been reported as
the main storage container [20,54], which might be due to
availability in the local market and cost. A polypropylene
Sack is the other type of storage container to store shelled
maize after treating it with either of traditional or modern
pesticides. It is made of woven synthetic fiber and low cost
indoor storage container that can hold 50 to 100 kg of shelled
maize grain, which is a readily available [18].

Diya: Diya is one of a traditional storage structure common
in southwest Ethiopia. It is used to store grain. Figure 1D
showed that, diya is constructed from locally available
bamboo split and the outer part plastered with cow dung.

Losses of Maize in Traditional Storage
Structure

Insect Infestation

Storage plays an important role in the food supply chain.
Literatures have shown that during storage, maximum losses
will occur [55-57]. Many insect pests attack maize during all
stages of growth from seedling to storage . However, high
percentage of post-harvest loss of maize is associated with
storage pest. Approximately 30% of the losses in maize
grains in Africa are a result of postharvest insect pests, which
cause nearly 40% weight loss in maize grains [17,53]. Costa
[58] estimates a loss of up to 59.5% in maize grain after
storage for 90 days in traditional storage structures (grain/
polypropylene bags). Similar finding has showed, insect
pests were reported to result in approximately 40% grain
loss, with the maize weevil and grain borer being perceived
to be the most dangerous [10].

Prevention of pests is important as losses during storage
reduce food availability, quality, and the stability of farmers’
food supply and income [52]. Insect attack has been reported
to contribute significantly to the loss of maize grains.
Traditional storage facilities may predispose the grain to
different deterioration agents and cannot guarantee the
protection of stored grains for longer durations [59]; thus,
such grain losses are considered as one main cause of food
insecurity for smallholder farmers in developing countries
[60]. This suggests a need for improved storage systems such
as hermetic silos and PICS bags, which help reduce grain
storage losses and maintain grain quality [59]. Similarly,
varies study indicated that farmers experienced serious
postharvest losses due to insect/rodent attack and spoilage
attributed particularly due to improper storage structure
[61,62]. Farmers and experts opined that, high temperature
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and poor storage conditions could favour insect infestations,
while the presence of spilled grains and trash around grain
storage structures facilitates rodent infestation. Traditional
storage structures in the southwest Ethiopia did not protect
the stored maize from external environmental conditions
and pest problems make the grains liable to develop mould
during the rainy season.

Underground pit grain stores exhibited with significant
infestation of maize with common storage pest; maize weevil
(S. zeamais), Angoumois grain moth (S. cerealella) and flour
beetle (T. castenum), flat grain beetles (C. ferugineus) and
Sawtoothed grain beetle (0. surinamensis), maize weevil
(S. zeamais), angoumois grain moth (S. cerealella) were
highly abundant and damaging in major stored items [63].
Generally, literature indicated that traditional storage
structures are liable for environmental factors like moisture
and humidity, which create suitable conditions for the
growth of insect pest and mould development. Thus, it leads
to quality and quantity loss, which is the challenge for food
security in the country. Beside this contamination with fungi
and mold during traditional storage, methods may impose to
the occurrence of afflation that can impose health problem
during consumption. The higher level of insect infestation,
and the associated percentage grain damage, weight loss and
germination loss has occurred in all of farmer’s traditional
storages methods in southern Ethiopia [64].

Mycotoxin Contamination

Mycotoxin contamination is a challenge in traditional
storage methods especially in the case of maize, which
makes the food, unfit for human consumption or for animal
nutrition. About 25 to 40% of cereal seeds are contaminated
by mycotoxins produced by storage fungi all over the world
[42,65]. Mycotoxins cause loss of seed quality and pose
a threat in the food chain. Research findings have shown
that, poor postharvest practices and storage were the major
cause of for the maize contamination with aflatoxin and
fumonisins. Numerous findings had indicated; Ethiopian
traditional storage structures make the grain prone for fungi
contamination. Dubale reported that A. flavus, A. niger, D.
halodes and F. oxysporum are the major pathogens of maize
stored in traditional storage structures (Gombisa and Sacks).

Traditional storage structures cannot protect the stored
maize from external environmental conditions. thus among
the seven fungi genera identified, Fusarium, Penicillium and
Aspergillus spp. were the predominant fungi occurring in the
maize along the supply chain, these were the top three fungi
able to produce mycotoxins and cause health hazards both
to humans and animals that feed on it. Similarly, Tsedaley
reported that, Aspregilus spp. is the most dominant storage
fungi followed by Fusarium spp. in Jimma zone. These fungi
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are important in producing secondary metabolites, which
are carcinogenic to both humans and animals. Since these
storage fungi are very important in causing postharvest yield
losses and production of Mycitoxins.

Storage duration and storage types play important
role and influence on the aflatoxin contamination in maize.
Several reports indicated that mycotoxins are common
contaminants of stored maize in Sub-Saharan Africa [21].
Proper initial drying and subsequent moisture-proof storage
are crucial to minimizing the growth of toxigenic fungi and
toxins development [66]. In Africa however, many factors
including environmental conditions, pest-infestation, pre
and postharvest handling, influence infection of stored
products by toxigenic fungi and contamination of maize by
mycotoxins. Because of the traditional post-harvest practices
and the prevailing environmental conditions in Ethiopia, the
risk of maize grain contamination with fungi is expected to
be high. Farmers confirmed that grain stored underground
was invariably affected by mould and that the level of damage
depended on whether or not the pit was filled completely
and on the frequency of opening. Damage may be minimal in
pits that are completely full and remain undisturbed for long
periods but will be greater in partially filled pits [51].

Inspection of Storage By Farmers

Most of the farmers responded that they inspect their
grain store for pest damage. On average farmers reported
to inspect their store for about 16 times per annum. As to
the method of inspection farmers replied to use multiple
methods; Almost all farmers (99% use visual observation to
inspect their store. About 69% of the farmers smell stored
maize to check for pest infestation. They also inspect their
stored maize by taste (50%) and others (28%) [67].

Traditional Storage Management Practices

Insectattackhasbeenreported to contribute significantly
to the loss of maize grains. In a study by Midega, et al. [10]
insect pests were reported to result in approximately 40%
grain loss, with the maize weevil and grain borer being
perceived to be the most dangerous. To mitigate the problem
farmers, use different storage control methods in order to
minimize and avoid storage losses. Farmers preference to
select a given control method depended on different factors
mainly on traditional practices, ease of use, locally availability
of the material, control effectiveness and affordability of the
price of the methods.

Cultural Practice

Separation of apparently damaged and infested grain
from the rest of the harvest is a common to reduce best
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infestation. Rapid harvesting, separation of uninfected grain,
proper drying before storage and storage hygiene among
others are important cultural practices reported for the
management of storage pests [68]. Repairing and thorough
cleaning of storage containers before filling with grain alone
kept the grain for longer time in the traditional (well-built
and well managed) experimental stores at Melkassa [47]. In
South-western Ethiopia storage hygiene, exposing grain to
sun, treatment of grains with cow urine and admixing with
salt are frequently used cultural practices [69]. Exposures to
sunlight followed by sieving of the grains usually at monthly
interval are also well known technique among farmers
and create an unfavourable environment for weevils [70].
Farmers treat their maize seed by drying the seed before
store and cleaning storage structures, if same previous
storage were used [71]. About 94.8% of farmers in southwest
Ethiopia stored their new maize separate from the old maize
(if available) . A study in Tanzania found that most farmers
cleaned their storage facilities and cleared old maize grain
stock before loading them with a new stock . This was also
the practice by the majority of the farmers in Guatemala,
where 98% of the farmers were reported to clean their maize
storage facility before storing freshly harvested stock [40].
The study conducted in Kenya also confirmed that, cleaning
the stores and drying the maize grains before storage were
associated with minimal losses [72].

Botanical

Botanical refer to the chemicals that are produced
by plants, and repel approaching insects, deter feeding
and oviposition on the plant or disrupt the behavior and
physiology of insects in various ways [73]. These include
spices, medicinal, weeds and 10 other plants [74].

The utilization of botanicals to protect stored
commodities against insect pest attack have a very long
history [29,75]. The use of such locally available plant
materials for stored-product protection is a common practice
and has been believed to have more potential in subsistence
and traditional farm storage conditions in developing
countries like Ethiopia [76]. The use of green pesticides,
particularly for stored grains such as maize insect pests is
being recommended globally [77]. Various research findings
have showed that botanical plants are commonly used in
Ethiopia to prevent infestation during storage. Traditionally
farmers use various cultural practices and herbal products
for the control of postharvest insect pests [80] indicated
that there is great potential in using botanical plant powders
as seed protectants against S.zeamais. The powder from ]
curcas seed and A. indica seed was exhibited total (100%)
control of S. zeamais within a short period.

The use of botanicals as storage pest control is also
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common in different parties of Africa. Study conducted in
Northern Malawi and Eastern Zambia indicated that, most of
the farmers were knowledgeable about the use of pesticidal
plants in controlling pests of stored maize and beans [45]. A
study conducted in Tanzania indicated that about 23% the
farmers use botanicals and 20% use wood ash, while 51%
use insecticide chemicals, considered to be a modern pest
control method [25]. Midega, et al. [10] reported that farmers
indicated use of plants as grain protectants and mentioned
Lantana camara L. (Verbenaceae) and Tephrosia vogelli
Hook (Fabaceae) as being effective against the maize weevil.
Similarly, Utono, et al. [81] indicated that improvements to
the main storage structure used by farmers and using locally
available plant materials and cultural methods instead of
chemicals could help to improve farmer’s food security.

Wood Ash

Wood ash has been used since time immemorial as a
botanical pesticide against maize storage insect pests. Many
research findings have demonstrated that, mixing sufficient
quantities of 20% or more w/w of wood as with grain can
effectively protect grain against insect attack. The ash dust
is believed to act by inhibiting insect behavior, affecting
movement and reproduction by blocking air and space
between grains Gemu suggesting the need for higher doses
in order to submerge the grain. In addition, the abrasive
nature of the ashes may desiccate the pests. Ash contains
silica, which interferes with insect feeding and hinders
fungal pathogen multiplication. Ash dust reduces the relative
humidity of the storage condition and dries the seed surface.
Egg laying and larval development of the storage pests could
be hampered because ash dust covers the grain seeds [82].
Khaire reported that mixing ash with grain makes the entry
of insects in grain a difficult task and causes physical and
physiological injuries to the insects. Besides, ash is a fine
powder chemically inactive but with insecticidal power. In
Cameroon, some farmers dusted their cowpeas lightly with
ash; others used a large amount of ash over the grains while
still others used alternate layers of cowpeas and ash [83].
This has led to varied and sometimes contradictory reports
on the effectiveness of ash during storage.

Mixing With Sand and Dust

Inert dusts are chemically unreactive and thus, used
for protecting insects of stored grains by physical means
[84]. Inert dusts act as a desiccant, absorbing water from
the insect body and may have an abrasive action. Water is
lost because the dusts remove the waxy layer of the cuticle
of the exoskeleton by adsorption. Accordingly, insect’s pests
coated with inert dusts show massive dehydration and die
very soon [85]. The use of chemically inert materials such
as sand, wood ashes or minerals in large amounts fill up the
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interstitial space in grain bulks and offer an obstacle to insect
movement.

There has been a considerable amount of historical data
concerning desiccant dusts and their insecticidal effects on
stored-product insects [86]. Treatments of local inert dusts
applied at the rates of 5% and 10% induced significantly
higher protection of maize against maize weevils. Thus,
these inert dusts could be used in the management of maize
weevils as safe, ecologically sound and cheap management
alternative to synthetic chemicals under subsistence farmer’s
storage conditions in Ethiopia [35]. About 30% provided
adequate protection to grain for a short-term storage (about
4 months) [87]. Some farmers may add fine sand to hinder
the pest activity of the newly hatched insect [70].

Storing Unshelled Maize

Maize cobs that are completely covered by the husk are
less infested than those whose tips are slightly exposed [88].
Farmers claimed that shelled grains were more susceptible
to pest attack, especially in polypropylene sacks and storing
unshelled maize can minimize pest attack. Storing maize in
unshelled form seemed to result in less pest attack (other
than larger grain borer) [10]. Hiruy [35] has showed that
unshelled form of maize with the husk intact stored for
7-9 months period had only medium levels of insect pest’s
infestation as the cobs covered with husks provide better
protection than de husked & shelled form. Storage of maize
with cobs reduced weevil infestation and damage of maize in
storage. Utono, et al. [81] reported that, cobs were indicated
to be the most commonly stored form of maize for the fact
that cobs allow better conservation against insect pests, of
various forms of maize stored by farmers.

Mixing With Small Size Grain

Many farmers in Ethiopia Tadesse & Basedow [43] have
reported the role of mixing teff with maize grain for the
protection from insect attack. Teff admixture with maize
provided effective protection of grain from insect pests in
storage [48]. This protection is from the small size of the teff
grain, fills micro pores between the maize grains, and thus
hinders the movement of insects as well as cause shortage
of air movement in the container. McFarlane and Dobie
showed that, teff is unlikely to be infested by Sitophilus
zeamais, Rhizopertha dominica and Sitotroga cerealella due
to its small size (ca. 1 mm long) and hard seed coat. The
results of Demmirew et al. [78] indicated the potential of teff
admixture as well as botanical plants for the control of maize
storage insect pests. Research conducted in other African
countries also indicated blending maize with amaranth
(50/50 by volume) during 160 d of storage reduced maize
weevil population by 46% compared to maize stored alone
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[89]. Some farmers also mix sorghum with small-seeded
cereals, such as teff and finger millet and layering of teff
over sorghum with different proportion [90]. According to
Adugna ,et al. [91] finding, farmers in Eritrea use a mixture
of small sized grain and fine sand to control of grain storage
pests. According to the farmers’ experience, these treatments
lower the temperature of the storage condition.

Hang On Fire Places (Smoking)

In most rural farming communities, the majority of the
farmers stored food grains near the kitchen where the heat
and smoke of burning firewood penetrate to keep the food
grains free from insect pest infestation. Smallholder farmers
usually store food grain crops above the kitchen fire in the
farm hut or in open where the high temperature due to direct
solar radiation may also kill the developing larvae in the
seeds.

Farmers in most parts of Ethiopia, commonly hang heads
of grain such as sorghum, barely, wheat and cobs of maize
mainly selected for seed from the rafters of the dwelling huts
where heat and smoke from the fire promote further drying
and, possibly reduce insect infestation. Farmers believe
hanging on fireplaces is keeping seed quality [71]. Some
farmers kept maize cobs over fires, especially those meant
to be stored for longer periods such as seed for the following
cropping season; these cultural grain preservation methods
are common in eastern Africa [24]. Farmers suspend a bunch
of cobs in smoke over fire and such stored maize was less
damaged [92]. This retards development and prevents re-
infestation by migrating insects, because of the heat and
smoke and because drying of the harvested product is
accelerated. The stored ears rapidly reduce their moisture
content to 8-10%.

Figure 2: Indicating maize smoking.
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Traditionally, smoke is used to minimize insect damage as
well as to reduce moisture content to a suitable level [93,94].
It has been argued that the combined effect of smoke and
high temperatures during smoking has a permanent effect
on seed testa which prevents oxygen rise around the embryo
during storage thus increasing hermetic conditions as far as
the embryo is concerned [93]. Farmers store the grain above
the kitchen fire in their hut especially maize and such stored
maize was less damaged [92]. Figure 2 above indicate how
farmer hang maize over fire. Storing maize in this way can
minimize infestations the gaseous generated form the maize
can be toxic for insect and deteriorating microorganism.

Salt and Hot Paper Spray

Farmers use common ingredients such as table salt that
has hygroscopic and insecticidal properties to minimize loss
of stored products. Abdirahman [49] reported that traditional
pest management practices in Jijiga area include spraying
salt or hot pepper solutions on the grain. It absorbs moisture
and helps the grain to keep dry and aid in its safe storage by
retarding spoilage [95]. Ibrahim & Sisay [90] indicated that,
mixing sorghum with partially grounded chilies (hot pepper)
at the rates of 1 and 2% w/w gave potential control method
against stored sorghum insect pests which is comparable
with Malathion 5%.

Resistant Variety Selection

Grain varieties and landraces differ among themselves
in their susceptibility to stored grain insect pests. The
variation might be due to the existence of some levels of
resistance in local grain varieties, which are attributed to
the morphological or biochemical bases of resistance in
grain varieties [96]. Resistant varieties are integral part
of integrated pest management of storage pests. Variety
selection is one of the storage management practice that
farmers use to protect the grain from infestation. Substantial
datahasbeenaccumulated from varietal screeningresearches
in Ethiopia. Differences in resistance among maize genotypes
to weevils have been reported [97]. Differences in resistance
among maize genotypes to weevils Demissew Kitaw, et al.
[97] have been reported. Finding has shown that, Farmers
have knowledge on selecting resistant varies of maize from
their experiences. Mendesil, et al. [69] reported that in West
Ethiopia farmers classified sorghum varieties according to
their levels of resistance to stored sorghum insect pests.

Traditional Storage Management Practice
against Microbial Infestation

Studies indicated that proper drying prior to harvest
and storage is very crucial to control infestation of the maize
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during storage. Smoking keeps the seeds dry and reduces
insect and disease damage [98]. The report from Nigeria
indicated that farmers use smoke to preserve their grain and
this this practice was related to lowering level of aflatoxin in
farmers [99]. Hanging maize over can minimize infestations;
the gaseous generated form the maize can be toxic for insect
and deteriorating microorganism. In addition, free airflow
can reduce the moisture to safe level.

Strategist to Reduce Traditional Storage
Loss

Majority of the farmers in Ethiopia uses traditional
storage structures, which are ineffective in preserving
the grain from damage by storage insect pest, rodents
and mould contamination. To overcome the challenges of
storage loss of grain, improvements in traditional grain
storage methods is very crucial to maintain the quality
and viability of seeds. Awareness creation about using
improved grain storage technologies; like metal silo, PICS
bags and modified traditional storage structure is required
to minimise post-harvest loss. Tesfaye & Tirivayi [100] also
observed that improved storage technologies in Ethiopia
could enhance food and nutritional security in the country.
Improved storage systems that are affordable by smallholder
farmers, such as hermetic storages, can be a possible option
to mitigate post-harvest loss . Appropriate initial drying
and following moisture-proof storage are vital to reduce
the growth of toxigenic fungi and toxins development [66].
Tadesse also suggested that a little improvement in storage
structures coupled with sound hygienic measures and other
cultural practices can lead to significant reduction in storage
loss. In order to reduce postharvest losses and maintain
the quality of stored grain, it is very important to improve
postharvest systems in general and storage structures in
particular. Generally, proper post-harvest handling practices
combined with improved traditional storage structures are
very important to store safe and quality seed for long periods
[101-111].

Conclusion

Literatures indicated that, farmers use different
traditional storage management practices to reduce storage
loss of cereal. Storage management practice like salting,
hot pepper spray, handing over fire and mixing with wood
ash and teff were proven effective in controlling storage
infestation. Some of farmer’s storage management practices
are also effective in controlling fungi, which are responsible
for the occurrences of afflation. It can be concluded that
many traditional knowledge measures exist in Ethiopia,
which can reduce the attack of stored maize by insect pests
significantly. Improvement in traditional storage structure
is also important to reduce infestation during storage.
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Attention is needed in upgrading indigenous knowledge of
storage management besides adopting modern technologies.
Integrating traditional knowledge and practice with modern
technology is very crucial to reduce storage losses and
insuring food security.
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