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Abstract

Proper postharvest storage of grain is more important than the intensive and extensive farming in securing food
for a nation, because losses are not only a waste of food but also represent a similar waste of human effort, farm
inputs, livelihoods, investments and scarce recourses such as water. Postharvest losses of stored crops are very
common problems in developing countries, like Ethiopia, which has a negative impact on the food security
program. This is because poor storage systems make grains vulnerable to attacks from insect and rodent pests,
which lead to a considerable amount of losses. In order to help and address the problem of small scale agriculture
towards development into a modern production sector, strengthening the postharvest sector or system is
essential. It is important to understand postharvest losses in both quality and quantity since it is related to lost
income and /or value of commodities produced and hence part of measure and primary concern to bring a food
secured nations through modern agricultural production. Postharvest quantity and quality loss of cereal grains
in developing countries appears to be initiated mostly at farm-level, so the potential remedies for the problem
are needed at the same level. The objectives of this review are, therefore, to assess the available literatures on
the postharvest losses of stored grain in an attempt to identify priority areas of the problem; to identify the
causes of losses of stored crops in order to avoid the causes for the reduction of losses; and to identify the
possible strategies that can reduce losses and maintain quality of the grain during the storage period.
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1. INTRODUCTION

Grains are the main source of nutrition for one-third of the world’s poorest population in Sub-Saharan Africa and
South-East Asia. Among the grain crops rice, wheat and maize represent about 85% of total global production
(Sofi et al., 2009). In Ethiopia, grain crops are grown annually on approximately 12.5 million hectares of land; of
these, 1.5 million hectares is covered by pulses out of which 443,074.68 hectares is dedicated to Fababean with
annual production of about 8,389,438.97 quintals (CSA, 2014). Cereals constituted 87.3% of the grain production
of the country, with 26.8% contribution from maize, 16.1% from sorghum and 15.7% from wheat (CSA, 2015).

Losses resulting from poor post-harvest management of grains are among the key constraints to improving
food and nutritional security in Africa, including Ethiopia (Midega et al., 2016). In Ethiopia, grain is often not
stored for more than eight months due to poor storage techniques, and inadequate pest management systems
(Demissie et al., 2008). Stored grains are damaged by a number of insect pests and rodents that lead to qualitative
and quantitative losses during storage. Under farmers® storage grain losses further aggravated by poor post-harvest
handling, inefficient storage facilities and inadequate pest management systems (Demissie et al., 2008; Tefera et
al., 2011).

Despite international focus on reduction of postharvest losses, farmers in the developing countries still face
significant losses. Postharvest losses can arise from inappropriate storage techniques, deterioration by insect pests
and rodents, and abiotic factors (Abass et al., 2014). However, most of the postharvest losses result from damage
caused by storage insect pests (Bett and Nguyo, 2007). FAO and World Bank (2010) estimated 20-30% loss of
grains, with an estimated monetary value of more than US$ 4 billion annually. In Ethiopia, the average grain losses
due to storage insect pests estimated to be 10-30% (Tadesse, 1997). In Ethiopia the major of postharvest pests of
cereal grains include the maize weevil (Sitophilus zeamais), the Angoumois grain moth (Sitotroga cereallela) and
the lesser grain weevil (Sitophilus oryzae), and Callosobruchus spp. for grain legumes (Demissie et al., 2008;
Tefera, 2011). According to Sori and Ayana (2012), S. zeamais can cause heavy infestation on maize and sorghum
grain stored under traditional storage facilities and resulted in weight losses up to 41-80%.

Despite the severe losses incurred by insect and rodent pests under poor storage facilities, many farmers in
Ethiopia remain using traditional storage structures to store their grains which provide an abundant food source
for the pests and aggravate the damage. In most cases, farmers store grain in traditional storage facilities such as
gotera and gombisa (Dubale et al., 2012). According to these authors, on-farm storage structures such as gombisa
makes maize susceptible to bio-deterioration especially under hot and humid climate. In some instances, farmers
are forced to sell their produce immediately after harvest and received low market prices for any surplus grain
produce (Kimenju et al., 2009).
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Despite the importance of grains storage for food security, the potential impact of insect pests and rodent
infestations on stored grains quality and quantity has not been well investigated. As described by FAO (2014),
Kader (2004), Wubeneh and Ehui (2006) and Abebe and Bekele (2006), qualitative and quantitative losses studies
are generally sporadic in Africa. Therefore, this review intended: (1) to assess the available literatures on the
postharvest losses of stored grain so as to identify priority areas of the problem; (2) to identify the causes of losses
of stored grain accordingly in order to show the weight of the problem and its influence on food security and the
economy of a country; and (3) to identify the possible strategies that can reduce losses and maintain quality of the
stored grain during the storage period.

2. EXTENT OF POSTHARVEST LOSSES OF STORED GRAIN
Postharvest loss could occur in crops along the supply chain, starting at the time of harvest till its consumption or
end uses (Kidane et al., 2010; FAO and World Bank, 2010).

2.1. Qualitative losses

Qualitative losses, such as loss in edibility, nutritional quality, caloric value, and consumer acceptability of the
products, are much more difficult to assess than quantitative losses (Buyukbay et al., 2011; Hodges et al., 2014).
Post-harvest losses reduce the availability of food crops and income that could be generated by selling these
products, thus in terms of quantity is linked to food security (Jayne et al., 2010; Hodges et al., 2011). The qualitative
losses are related directly to nutritional and they are more complicated to measure. However, the quantitative losses
are of greater importance to measure in developing countries (Humble and Reneby, 2014). Qualitative loss is more
frequent based on subjective judgments and is perhaps identified through comparison with locally accepted quality
standards. Commodities can be rejected by changes in taste, texture, appearance, loss of nutritional value, and the
presence of contaminants. Quality loss can also be due to contamination and foreign matter (insect fragments,
rodent hair, excreta, weed seeds, earth, glass, stones, and parts of plants) content (Brown et al., 2013).

2.2. Quantitative losses

2.2.1. Losses of stored grain in the global level

Estimates of postharvest losses vary in literature, and global figures for losses of 9-40% are often quoted (Hodges
et al., 2014). FAO and World Bank (2010); an approximately 2030% loss of grains occurred globally, with an
estimated monetary value of more than US$4 billion annually. Recently, Kumar and Kalita (2017) reported
approximately 50-60% losses of cereal grains during storage due to technical inefficiency.

2.2.2. Losses of stored grain in the sub-Saharan Africa

Africa remains the continent with greater arable land to feed its growing population and beyond; yet the continent
remains the most impoverished in food security (Owusu — Sekyere, 2011). The Sub Saharan Africa (SSA) net food
production per annum is within 230 million tons (Gustavsson et al., 2011). Greater portion of this amount is lost
due to various factors ranging, for example, poor infrastructure, low levels of technology and low investment in
the food production systems, pest, inadequate policies, storage, climate and other factors (Andah, 2000;
Gustavsson et al., 2011). Accordingly, the loss of grain due to insect pests are estimated to be within the range of
5 -10% in temperate and 20-35% in tropical regions (Van Wyk et al., 2009). Hell et al. (2012) reported 10 to 12%
loss of grains stored in traditional storage structures similar to gombisa due to insect pests. Loss of about 18% was
also reported by the same author in other African countries for maize grain stored in sacks for the storage periods
of six months.

2.2.3. Estimation of losses of stored grain in Ethiopia

In Ethiopia, the average grain losses due to storage pests are about 12% of the total grain produced; in some case
the losses could rise to 50% (Gabriel and Hundie, 2006). Survey conducted in three major grain producing areas
of Ethiopia viz. Hetosa, Ada and Bako indicated that majority of farmers (93.3%) are using various traditional
grain storage structures that expose their stored grains to be attacked by storage pests and other factors that
contribute to deteriorations. Per house hold grain losses of 12% was estimated from the total grain produced
(Gabriel and Hundie, 2006). Eticha and Tadesse (1999) reported an annual maize grain loss in Bako areas in the
range between 2 and 30%. In Jimma Zone, quantitative average maize grain storage loss of 41.0 to 80.0% and on
average 64.5% of grain damage was estimated in 2004 from fifty traditional farm stores within three to six months
of which maize weevil (Sitophilus zeamais) followed by angoumois grain moth (Sitotroga cereallela (0O), rice
weevil (Sitophilus oryzae) and flour beetle (Tribolium confusum) were identified as major storage pests (Sori and
Ayana, 2012).

2.3. Causes of postharvest losses in stored grain

Losses in storage are accelerated by late preparation of storage structures, late harvesting, poor storage facilities,
storage bags with very low life span and also easily punctured bags by rats (Tadele et al., 2012). High temperature
and lack of storage hygiene are the major factors favoring insect and aggravating infestation (Mendesil et al., 2007).
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It is evident that factors, such as high temperature and poor storage hygiene can produce conditions comparatively
favorable to insects and so aggravate infestations. High temperature coupled with high relative humidity and high
moisture contents of stored produce together with poor storage hygiene favor the development of pests and thereby
increase storage pest infestations (Gewinner et al., 1996).

2.3.1. Insect infestation

Among the major constraints of grain production and productivity in tropical countries including Ethiopia are the
damage caused by insect pests both in the field and storage. Grain is attacked by many insect pests during all stages
of growth from seedling to storage (Shiferaw et al., 2011). Insects and other pests are a major threat to grain
production and responsible for direct and indirect losses of grain on the farm and storage (Bankole and Mabekoje,
2004). According to Mihale et al. (2009) insects are responsible for 15-100% and 10-60% of the pre and post-
harvest losses of grains in developing countries, respectively. Two major groups of insects are economically
important on stored grain: Coleoptera (beetles) and Lepidoptera (moths and butterflies). Crop damage by
Lepidoptera is only done by the larvae. In the case of Coleoptera, both larvae and adults often feed on the crop and
the two stages are responsible for the damage. Post-harvest insect pests may be primary, that is are those which
damage previously undamaged seed such as the genus Sitophilus, while secondary pests are those which cannot
damage sound seed but attack seeds which are already damaged either mechanically or by primary pests such as
the genus Sitophilus.

The most important insect pests that cause damage to maize and sorghum are stalked borers (in the field) and
weevils and moths (in the storage) (Emana and Tsedeke, 1999). The major insect pests of stored grains include
maize weevil (Sitophilus zeamais Motsch.), the Angoumois grain moth (Sitotroga cerealella Olivier), the tropical
warehouse moth (Ephestia cautella Hubner), the Indian meal moth (Plodia interpunctella Hubner), flour beetle
(Tribolium spp.), Cryptolestes spp and Carpophilus spp. (Tadesse, 2003). Maize weevil is a predominant pest
widely distributed throughout the warm humid areas of the world. It attacks a wide range of cereals and is well
established in tropical countries, including Ethiopia (Akob and Ewete, 2009). In Jima Zone, S. zeamais is the most
dominant species and it is widespread, abundant and causes damage and loss of stored grains.

Grain crops including maize and sorghum are often attacked by insect pests in the field prior to harvesting.
Adult S. zeamais was observed on all the maize portions of cobs one week after storage, which indicates that the
cobs are already infested before harvest. The extent of infestation at the time of harvest can influence the level of
damage to the grains in storage (Baidoo et al., 2010). The maize weevil has a host range similar to rice and granary
weevil; although it is commonly found on maize, it can also feed on most cereal grains, including sorghum, wheat,
barley, rye and rice. Maize weevil prefers the whole grains but has been reported to feed on many processed grain
products including pet food and pastas (Mason and McDonough, 2012).

Sitophilus zeamais has been reported to be responsible for 10-20% of maize losses after three months of
storage (Tefera et al., 2011). Thus, due to inefficient storage technologies, millions of tons of maize are lost to
insect pests in the world each year. Overall, 20-30% of Ethiopian stored maize is lost to S. zeamais infestation,
while 100% damage has been found in maize stored for 6 to 8 months in the Bako Region of the country (Demissie
et al., 2008). Demissie et al. (2008) found levels of 1159% weevil infestation in husk-covered maize stored at
Bako, Ethiopia, after one month of storage. Weight losses on grains due to the maize weevil vary from region to
region depending on the crop variety, storage condition, duration and on pest complex in storage (Sori, 2014). The
degree of loss due to insect damage is quite variable and depends on the storage period, storage conditions, storage
structures and varieties (Mebeasilassie, 2004). The more the number of adult weevils emerged the more rapid and
serious damage (Tefera et al., 2011). It is therefore important that special consideration is given to storage of
sorghum. The grain weight losses caused by storage pests on an average were estimated to reach up to 63.85%
within three to six months of storage. However, the weight losses vary from place to place ranging from 35.33 -
91.67% (Sori, 2014).

Pulses are invariably infested with beetle and weevil in fields as well as during storage time (Adugna et al.,
20006). Callosobruchus chinensis L. is one of the most destructive pests of pulse in storage (Aslam, 2004). The pest
not only inflicts qualitative and quantitative losses, but also damages their germinating capacity, and nutritional
value which make the grains unfit for human consumption as well (Righi-Assia et al., 2010). Losses as high as 50%
are often encountered in some of the important legumes such as faba bean, field pea, chickpea and lentil from
some belligerent storage insect pests like C. chinensis (Damte and Dawd, 2006). Even with only a small amount
of actual biological losses, economic losses can reach up to 100% (Boeke et al., 2004; Somta et al., 2006). Bruchids
pose serious post-harvest problem to chickpea and fababean in particular with the extent of damage sometimes
exceeding 90% after three months of storage (Taddesse et al., 2008).

2.3.2. Rodent infestation

Rodents are a critical pest issue around the world. Rodents are major pests in cereal grains, causing both qualitative
and quantitative damage (Mdangi et al., 2013). Farmers regularly list rodents as one of the foremost significant
pests to their crops (Makundi et al., 2005). Numerous analysts moreover respect rodents as the number one group
of mammals in terms of the issues they make in farming, cultivation, ranger service, and open wellbeing (Brown
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etal., 1999). In Ethiopia, among 84 recognized rat species, around a dozen of the species are significant rural pests
(Bekele et al., 2003). As of late, Gadisa and Hundera (2015) detailed the nearness of four rat pest species,
specifically Rattus, Mastomys natalensis, Arvicanthis dembeensis and Lemniscomys barbarus in in Sekoru District
(One of the districts in the present study), Southwest Ethiopia.

Typically it is recognized that rats move from grains areas to grain stores in villages (Brown and
Khamphoukeo, 2010). Brown et al. (2013) recommend that rat damage to stored rice in upland Lao villages is as
high as 11.7% which is the equivalent of sufficient rice to feed the ordinary Lao smallholder family for one and a
half months. They too point out that the presentation of the remaining stored rice to rats decreases its quality. This
implies that the farmer™s capacity to get higher costs is additionally adversely influenced by post-harvest rat
damage. Mdangi et al. (2013) evaluated how much maize was misplaced per month due to rodents from using
traditional capacity structures, which are commonly used in Tanzania. They appeared that 40.4% of stored maize
was misplaced due to rodents for a traditional open storage structure while a closed sack secured by wire coinciding
driven to no losses or damage, illustrating that there is extraordinary potential for diminishing postharvest
misfortunes by relatively simple means .

Preliminary results in central Ethiopia appeared 26.4% loss of yield in maize (Bekele et al., 2003) which is
very high compared to 5 to 15% loss of rice in Asia (Singleton, 2003). Rodents not as it were cause physical
damage and edit loss but too contaminate crop products by physical contaminants, such as hairs, urine and faeces
(Hollander et al., 1997). Poisoning and preventing their access to stored commodities can control them. Natural
control also applied to stop rodent damages. For the most part, rats transmit diseases (typhus, rabies, and
trichomaisis) and crush and damage building structures (Fekadu, 2007). In any case of storage period, grain pest
can attack the stored grain and influence the amount and its quality.

2.4. POSTHARVEST LOSS REDUCTION STRATEGIES IN STORED GRAIN

2.4.1. Traditional methods

Traditional methods include mechanical removal of insects, infested grains or cobs, winnowing, shaking and
restacking the grains led to the disturbance of insects and a reduction of their activity. Heating is suitable for small
quantities of produce and for areas that have extended periods of hot and dry weather. However, protection does
not last long as the technique does not provide the grain with residual protection. The insect pest tends to be driven
away from the grain by the heat but not killed (Demissie, 2006). In South western Ethiopia storage hygiene,
exposing sorghum grain to sun, treatment of grains with cow urine and admixing with salt are frequently used
cultural practices (Mendesil, 2007). Modified atmospheres produced by composting fresh cow dung and fresh
chopped sugarcane both wetted at 60% moisture content caused the highest adult weevil mortality, followed by
quick hose fumigant (Ibrahim and Birhanu, 2014).

Maize and other grain crops are often attacked in the field prior to harvesting by storage insect pests (Demissie
et al., 2008; Baidoo et al., 2010). Harvesting immediately after physiological maturity is an important aspect of
managing maize weevil infestation (Eticha and Tadesse, 1999). Especially maize weevil infestation on cereal crops
starts on field before harvesting (Demissie, 2006). Some of the factors influencing pre-harvest infestation in maize
include maturity status of the maize grain, husk cover and time of harvest. Both the length and tightness of the
husk leaves of maize cob can affect infestation by weevils. Thus, harvesting of matured cobs could reduce weevil
infestation before storage (Demissie et al., 2008; Baidoo et al., 2010).

2.4.2. Hermetic storage

Air proof (airtight) storage prevents pest from entering and causes the death of insects left in the store due to lack
of O, and excess CO,. Among the different strategies explored the use of modified atmospheres, which includes
changing the extent of the ordinary air constituents of the store oxygen, nitrogen and carbon dioxide to form an air
deadly to insects, has given especially promising results (Demissie, 2006). Airtight storage is based on the rule of
generating oxygen drained, carbon dioxide enhanced interstitial atmosphere caused by the respiration of the living
organisms in the biological system of a sealed storage structure (Vachanth et al., 2010). Airtight storage is an
alternative to other methods of storage that ensures commodities from insects and molds (Anankware et al., 2012).
Oxygen and dampness impermeable bags protect maize and sorghum superior than traditional storage structures
and polypropylene sacks. It reduces storage loss from the current 25% at traditional storage to 2% in modern
storage and promotes ability of farmers to reduce grain loss (Tadele et al., 2012). It is suitable for protecting small
quantities of grain materials but it is too expensive for use for food grains storage (Demissie, 2006).

2.4.3. Temperature

The use of high temperature over 40°C is one of the management techniques to management stored product insect
pests. In the regular air treatment, warm death energy for S. zeamais adults is determined at temperatures between
46 and 52°C. Sistophilus zeamais is more tolerant to high temperatures than S. oryzae and S. silos. For illustration,
in an empty storage having 50°C temperature the exposure time to attain total progeny diminishment takes over
160 min for S. zeamais, 130 min for S. oryzae and 110 min for S. granarius (Prazic Golic et al., 2015). Keeping
up stored maize at temperatures <15.0°C for longer periods suppressed S. zeamais progeny rise viably (Ileleji et
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2.4.4. Use of inert dusts

Inert materials, such as ashes, sand and other mineral powders and small sized grains in huge amount are a barrier
to the insect movement through filling up the free space in grain bulks (Demissie, 2006). A few rural wastes, such
as coffee husk, wood ash and saw dust are used in the management of S. zeamais. Maize kernels treated with 15%
w/w wood ash, 30% w/w sawdust and 20 and 30% w/w coffee husks are more effective in impending the
development of F; offspring rise (Gemu et al., 2013). Ibrahim et al. (2012) observed that diatomaceous soil
diminished the generation of offspring by expanding adult mortality, diminishing oviposition, ovicidal and
larvicidal activities. Crude diatomaceous soil appeared great potential as grain protectant against adult
Callosobruchus subinnotatus invasion and its efficacy increased with increasing doses and exposure period (Singh
etal., 2012).

Diatomaceous earth is a soft, silica rock crumbled into a powder and used as an insecticide, due to its abrasive
and absorptive properties. The fine powder absorbs oils from insects' exoskeleton, causing them to dehydrate.
Some inert materials are toxic to storage insect pests, resulting in mortality. Demissie et al.(2008) reported that
silicone caused 100% mortality of S. zeamais within seven days™ exposure period, at the rates of 1 and 2%. The
death of insects caused by diatomaceous earth could be attributed to the dehydration provoked by the abrasiveness
of the small particles of the inert dust and adsorption of oils in the body of the insect, which breaks the layer of
wax on the epicuticle, exacerbating the fatal loss of water (Kavallieratos et al., 2005). Wood ash as inert dusts
induces insect mortality by their physical properties; it desiccates the insect cuticle and provokes suffocation in
insect (Jean et al., 2015). The grains treated with inert materials, such as ashes and fossil shield can conserve grain
viability (Jean et al., 2015). Inert materials, such as wood ash and sand are used for the management of bean beetle
on stored chickpea by causing high adult mortality, reduced egg laid, reduced F; progeny emergence, resulted in
low grain damage and low grain weight loss without affecting grain germination in stored chickpea grains (Tabu
etal., 2012).

2.4.5. Host plant resistance
Grain varieties and landraces differ among themselves in their susceptibility to stored grain insect pests. Such
differences may 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 (Mboya, 2011). Mendesil et al. (2007)
reported that in West Ethiopia farmers classified sorghum varieties according to their levels of resistance to stored
sorghum insect pests. According to Abebe et al. (2009), the extent of damage during storage depends on the number
of emerging adults during each generation and the duration of each developmental time. Thus, varieties allowing
rapid and high levels of adult insects” emergence will be more seriously damaged. Sorghum varieties, especially
local landraces have characteristics of resistance to Sitophilus species (Chuck-Hernandez et al., 2013; Goftishu
and Belete, 2014). The grain coat thickness and grain hardness served as a barrier to the penetration of the
endosperm by S. zeamais and the varieties are proved to be less susceptible to infestation (Zakka et al., 2013).
Resistance in stored sorghum to insect attack is attributed to the presence of toxic alkaloids or amino acids, insect
feeding deterrents, pericarp surface texture, enzyme inhibitors, grain hardness, grain temperature and moisture
content (Abebe et al., 2009; Goftishu and Belete, 2014). Bamaiyi et al. (2007) also reported that grain hardness is
the main resistance parameter for S. oryzae in stored sorghum. Higher levels of lysine and tryptophan decreased
the rate of reproduction of S. zeamais (Abebe et al., 2009; Goftishu and Belete, 2014). Further, Arnason et al.
(2004) also reported that protein content was negatively correlated with the susceptibility of maize cultivars to S.
zeamais. The weight of adult weevils emerging from susceptible varieties is heavier due to its ability to supply
nutrients that can encourage robust physical development of the pest, whereas resistant varieties that did not
support much development have lighter emerging adults attributed to lack of required nutrients for optimal
development (Zakka et al., 2013).
2.4.6. Botanical control
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. The practice of using natural sources against pests for
storage of various household items dates back to the very earliest periods of known history (Suleiman and
Rugumamu, 2017). This awareness has created a worldwide interest in the development of alternative strategies
for discovery of new insecticides (Dayan et al., 2009). Plant parts and plant products have insecticidal, repellent
or ant feeding and development inhibiting effects on S. zeamais (Issa et al., 2011). Powders of Allium sativum L.,
Capsicum frutescens L. and Zingiber officinale Rosc were reported to have caused total (100%) adult mortality of
S. zeamais in sorghum grains 14 days after introduction under laboratory condition (Suleiman, 2014). The spices
were also found effective in reducing grain damage of sorghum from 53.30% in the control to 3.30 to 33.30% in
the botanical treatments, depending on the concentration applied. Subsistent farmers treat grains with plant
products and oils, use physical management methods, such as open sun drying and storing in barns, earthen pots,
jars and airtight storage structures. These are less cost effective for storage of large quantities of grain. Most of
them are nontoxic to consumers and are readily available (Asawalan andHassanali, 2006).
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Poor farmers in many developing countries who could not afford the synthetic pesticide against stored grain
insect pests used botanicals as a traditional control. Due to specific novel mode of action plant extracts and essential
oils have advantage over synthetic insecticides against the storage insect pests to minimize the cross resistance to
specific target molecule (Betancur et al., 2010). These plant extracts and oils have the ability to produce fumigants.
These fumigants play important role in eliminating the insect pest of stored grains with rapid degradation, low
toxic effect and local availability (Kerdchoechuen et al., 2010).

2.4.7. Treating with insecticide

Chemical insecticides are applied to prevent or suppress insect pest infestations. Fumigants, such as phosphine,
cyanogens, ethyl formate and sulfuryl fluoride rapidly kill all life stages of stored product insects in storage
structures and still one of the most effective methods for the prevention of stored product losses from insect pests
(Donahaye, 2000). Ethiopian farmers treat their stored product with chemical insecticides (Mendesil et al., 2007).
Survey conducted in South west Ethiopia indicated that farmers used Actellic 2%, DDT and Malathion 5% for
storage insect pest management. Moreover, those farmers who live near the towns tended more likely to apply
chemical insecticides. However, the majority of the farmers never applied synthetic insecticides mainly because
of high cost, unavailability and ineffectiveness of chemical insecticides (Mendesil et al., 2007)

3. CONCLUSION

The issues reviewed were limited to evidence of measures of magnitudes of losses at different points along the
commodity value chain, factors influencing losses and loss management practices. High moisture content, insect
infestation and damage during postharvest handling (packaging, storage and transportation) are the major causes
of grains postharvest losses. Appropriate packaging materials, proper storage facilities and transportation are
required to minimize these losses. Efficient production and utilization of food crops are needed to increase food
self-sufficiency and export earnings. Modern food processing techniques and post-harvest technologies are the
main tools used to reduce food losses and maintain their quality. Since deterioration of stored grains results from
the interactions among the physical, chemical and biological variables existing in the system, it is important to
understand the inter-relations and interactions of these variables in order to design an effective control and
management of these factors postharvest loss reduction. In order to attain a high nutritional status, improved
postharvest management, reduced post-harvest losses, production of value added products, effective and efficient
research programs on the post-harvest sector must be strengthened and promoted.

4. RECOMMENDATION

(i) Recent information on magnitude of losses, influencing postharvest loss factors and exemplary management
practices in the country is still needed specifically covering value chain points agreed by the entire concerned
stakeholders on target staple grains. (ii) Promotion of proven grain postharvest loss mitigating technologies at hand
need to continue to reach individual and grouped farmers.

(iii) Although the main causes of postharvest losses are known and documented, it is important to further explore
peculiar factors that cause postharvest losses at each production level that will require special attention focusing
on the same in relation to physical, bio-chemical and socio-economic aspects
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