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Abstract

Mycotoxins are fungal metabolites that commonly contaminate food crops such as maize. Conducive climatic
conditions together with improper crop value chain practices are favorable for mycotoxin contamination. Previous
studies in Ethiopia have indicated that mycotoxin contamination in maize is prevalent. For the implementation
of proper mycotoxin prevention and control strategies, identifying the current local value chain practices that
are related to mycotoxin contamination is needed. This review investigates current preharvest and postharvest
management practices of maize cultivation in Ethiopia in relation to mycotoxin contamination and identifies gaps
in knowledge and priority areas for future research. Findings indicate that the majority of applied preharvest and
postharvest practices of maize in Ethiopia seem to favor mycotoxin contamination. Recent developments in grain
drying and storage technologies, which are also potential mycotoxin management strategies, are facing constraints
for proper implementation in subsistence farmers’ level.
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1 Introduction

Mycotoxins are toxic chemical compounds produced
by certain species of fungi upon and after infection
of the crop. Most important mycotoxins known to
cause human health burden worldwide are aflatoxins
and fumonisins (Jallow et al., 2021; Wu et al., 2014).
Aflatoxins are mainly produced by the fungal species
of Aspergillus flavus and Aspergillus parasiticus while

fumonisins are mainly produced by Fusarium verticil-
lioides, Fusarium proliferatum and Aspergillus niger (Wu
et al., 2014). Aflatoxin intake through consumed foods
can lead to severe human health effects, including liver
cancer, acute toxicity and is also predicted to impair the
growth of children leading to stunting (Wu et al., 2014)
as well as to lower immune responses of the body and
protein synthesis (Smith et al., 2012). On the other hand,
fumonisin intake causes brain and oesophageal cancer,
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renal and liver toxicity (Bucci et al., 1998) and neural
tube defects (Wu et al., 2014).

Occurrences of mycotoxins in maize in Ethiopia (Zea
mays L.), where maize is one of the staple food crops
in the country (CSA, 2021a), have been reported, even
in concentrations that exceed national or international
standards (Alemu et al., 2008; Chauhan et al., 2016;
Getachew et al., 2018; Mesfin et al., 2022; Mohammed
et al., 2022; Tsehaye et al., 2017). Chauhan et al. (2016)
reported that aflatoxin contamination was detected
in all the samples collected from 150 maize products
bought at local markets in Gedeo zone, South Ethiopia.
In all these samples, the quantified aflatoxin concentra-
tions were above EU regulatory limits. In another study,
Getachew et al. (2018) identified a total of 127 differ-
ent mycotoxins and derivatives in maize collected from
farmers’ stores in south and southwestern Ethiopia. To
mention one, the fumonisin B1 concentration was in
the range of 7-11,830 mg/kg. These reported high lev-
els of mycotoxin contaminations are presumed to cause
severe problems for the maize industry in the country
(Getachew et al., 2018; Mesfin et al., 2022; Tsehaye et al.,
2017).

Several factors may limit effective control of fungal
infection and mycotoxin contamination in subsistence
maize farming in Ethiopia. First, maize value chains
are poorly developed. As a result, subsistence farmers
most often use traditional practices, which are prone
to fungal infection (Bereka et al., 2022; Beyene et al.,
2016; Getachew et al., 2018; Mesfin et al., 2022; Tsehaye
et al., 2017). Secondly, farmers have limited knowledge
about mycotoxins and their health impact as well as
prevention and control strategies for mycotoxin con-
tamination. This lack of awareness has limited farmers
from practicing proper mycotoxin management (Boshe
et al., 2020; Mohammed et al., 2022). Finally, the lack of
proper facilities (such as for improved drying and stor-
age) in rural areas is another limitation (Bereka et al.,
2022). These factors limit the implementation of effec-
tive mycotoxin prevention and control in Ethiopia.

To date, studies in Ethiopia had mainly focused on
the occurrence of mycotoxins in the postharvest stage
of maize, especially the household and market stage. In
these studies, the relationship with pre- and postharvest
maize practices has not been fully explored. Recently,
there is interest in studying these practices such as har-
vesting and drying, and how they are related to myco-
toxin contamination (Bereka et al., 2022; Mohammed et
al., 2022). Despite these good starts, most of the prehar-
vest maize management practices such as land prepa-

ration, planting and growing treatment have not been
given attention.

To prevent fungal infection and mycotoxin contami-
nation of maize, a full understanding of local practices
for both preharvest and postharvest stages together with
the state-of-the-art knowledge from literature is crucial
(Bereka et al., 2022; Beyene et al., 2016). Such informa-
tion will help in identifying gaps for further research,
and for planning appropriate intervention strategies.
Nevertheless, comprehensive information on the local
maize production practices in relation to mycotoxin
contamination is limited for Ethiopia. Therefore, this
study aimed to investigate the current pre- and posthar-
vest management practices of maize in Ethiopia and
evaluate the practices in relation to mycotoxin contam-
ination. For this review, preharvest practice is defined
to include land preparation, planting, treatment dur-
ing growth, harvesting, field drying and shelling. The
postharvest practice, on the other hand, is defined to
include long-term storage practices and processing at
household level.

2 Materials andmethods

A Prisma 2020 guideline for new systematic reviews was
used (Page et al., 2021) (Figure 1). An extensive litera-
ture search was conducted to obtain articles published
before November 21, 2022, in the common databases of
Web of Science, Pubmed, Scopus and Google Scholar.
Only articles published in the English language were
considered. Search strings that were used in the search
engine included: (maize OR corn OR ‘zea mays’) AND
(mycotoxin* OR aflatoxin* OR fumonisin*) AND (har-
vest OR drying OR storage OR consumption). Addi-
tional records on indigenous preharvest and posthar-
vest maize management practice were also searched
from google using the phrases ‘land preparation / tillage
practice’, ‘agronomy / agricultural production practice of
maize’ and ‘fungal infection of maize’; each in combi-
nation with ‘in Ethiopia’. For local practices for which
there is not enough information in the literature in rela-
tion to mycotoxin contamination, related information
from other countries was searched for, using the above
search phrases together with ‘Africa’, ‘developing coun-
tries’ OR ‘subsistence farming’. All the articles obtained
from Google Scholar and Google were considered only
if they were confirmed to exist in one of the above
databases.

All collected articles were imported to Endnote 20
software (Clarivate, Philadelphia, PA, USA), after which
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Figure 1 PRISMA flow diagram of literature search.

duplicates were removed. Then articles were screened
by exploring the title, key words and the abstract based
on predefined eligibility criteria. These criteria included:
research conducted in Ethiopia, describing local pre-
harvest or postharvest practice in relation to fungal
infection and/or mycotoxin contamination in maize,
and the presence of the article in one of the three
major databases (Web of Science, Pubmed, and Scopus).
Review articles or unpublished/theses were excluded.

3 Results and discussion

The literature search led to fourteen relevant and eli-
gible articles, which were then used for this review.

The major findings of the reported studies, i.e. the
association of maize management practices with myco-
toxin producing fungi (toxigenic fungi) and/or myco-
toxin contamination of maize, were extracted (Table 1).

A summary of the studies that have been included
is presented in Table 1, showing fungal infection and/or
mycotoxin contamination in maize have been reported
in samples collected from different parts of the coun-
try. This finding indicates the availability of convenient
climatic conditions for the growth of toxigenic fun-
gal species, which together with improper pre- and/or
postharvest practices, is a contributing factor for myco-
toxin contamination. In Ethiopia, maize is cultivated
in different parts of the country that belong to 7-20
agroecological zones each varying in their agroecologi-
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Table 1 Eligible articles on the association of maize preharvest (pre) and postharvest (post) practices in relation to mycotoxin
contamination in Ethiopia

Part of Ethiopia Study description Samples collected from
(data collected)

Relation1 Stage Reference

Southwest association of postharvest
practices with aflatoxin
awareness

producer farmers”
interviewed

fungi post (Bereka et al.,
2022)

South,
Southwest

contamination of maize with
Fusariummycotoxins

maize collected from
farmers stores

mycotoxin post Mesfin et al.
(2022)

East association of harvest and
postharvest practices with
fumonisin contamination

maize collected from
farmers stores, markets

mycotoxin post Mohammed
et al. (2022)

Northwest performance assessment of
improved storage methods for
prevention of fungi and
mycotoxin

aflatoxin determination mycotoxin post Worku et al.
(2022)

Southwest assessment of farmers
experience on storage
duration and associated pest
infestation

interview for the length of
storage and degree of
insect, rodent and mould
infestation

fungi post- Abamecha
(2021)

Southwest comparison of traditional
grain storage structures for
postharvest loss reduction
and maize safety

above ground and
underground storage
structures evaluated

fungi post Muleta et al.
(2021)

Southwest potential of weather
conditions for fungal growth

relative humidity and
temperature before
harvest and during on
farm storage

fungi pre Garbaba et
al. (2018a)

Southwest maize postharvest practices of
actors’ (farmer, collectors, and
wholesaler) as a potential for
toxigenic fungi management

interview with actors and
fungi growth during
storage

fungi post Garbaba et
al. (2018b)

South,
Southwest

fungal infection and
mycotoxin occurrence

mycotoxin and fungi
species determined from
farmer stored maize

mycotoxin post Getachew et
al. (2018)

North, South,
South, East

infection of maize with
Fusarium species and
contamination with
fumonisin

Fusarium species
identified and fumonisin
determined from farmer
stored maize

fungi,
mycotoxin

post Tsehaye et al.
(2017)
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Table 1 (Continued)

Part of Ethiopia Study description Samples collected from
(data collected)

Relation1 Stage Reference

North,
Northwest,
Central,
South

survey on mothers’ awareness
and practice about aflatoxin
contamination

mothers/caregivers
interviewed (for pre and
postharvest practices)

fungi pre, post Beyene et al.
(2016)

South contamination of maize with
fungi and aflatoxin

retailers, markets, street
maize fruit seller, store
house and millers

fungi,
mycotoxin

post Chauhan et
al. (2016)

North, West,
South,
Southwest

isolation and genetic
characterisation of Fusarium
verticillioides

fungi species identified
from Ethiopian maize
varieties

fungi pre Tsehaye et al.
(2016)

South contamination of maize with
mycotoxin

fresh and stored maize
grain

mycotoxin pre, post Alemu et al.
(2008)

1 Indicates the reported relationship of maize with fungi or mycotoxin or both.

cal indicators namely altitude, temperature, and rainfall
(Tsehaye et al., 2017; Van Dijk et al., 2020). Tsehaye et al.
(2017) reported the ranges of these indicators for twenty
major maize producer areas in Ethiopia. The elevation,
temperature, and rainfall ranges were 1,206-2,490 m,
16-25 °C and 537-1,039 mm, respectively. Indeed, the
requirements for fungal growth are related to temper-
ature (10-40 °C) and water activity (above 0.7).

A changing climatic condition because of global
warming is predicted to increase the risk of mycotoxin
contamination in maize in the future. This is partly
because, the incidence of extreme climatic conditions
such as drought during the growing period weakens the
maize immune system which makes the crop more vul-
nerable to fungal infection and mycotoxin contamina-
tion (Chauhan et al., 2008). Studies related to predicted
levels of mycotoxin contamination inmaize considering
a forecasted future climate change scenarios in Ethiopia
are almost absent in the literature.

To achieve the objective of this review, the informa-
tion presented in Table 1 was processed to arrive at a
summary of the findings, per stage of the maize supply
chain, considering pre- and postharvest separately. For
each stage of the preharvest and postharvest practices,
current local practices are described first, followed by
their potential relationship with toxigenic fungal infec-
tion and related mycotoxin contamination.

Preharvest practices andmycotoxin contamination
Land preparation
In Ethiopia, land is mostly prepared with oxen using
an ard or breaking plough (locally called ‘maresha’) and
plough to cultivate grains, including maize (Biazin et al.,
2011; Goe, 1989; Sime et al., 2015; Workneh et al., 2021).
For this purpose, most farmers in the North Eastern part
of the country own at least one oxen (Derese et al., 2017).
By using the ‘maresha’ and plough method, the topsoil
layer can be ploughed to a depth of 0 to 15 cm (Biazin
et al., 2011; Hussein et al., 2019; Sime et al., 2015). This
depth of tillage belongs to the minimum tillage cate-
gory of less than 20 cm depth (Arino et al., 2009). The
number of ploughing times for growing cereal grains is
usually one to more than three times. For example, in
Southern Nations and Nationalities and Peoples Region,
ploughing time is three or less. On the other hand, more
than three times ploughing is common in Amhara and
Oromia regions (Beyene et al., 2016) with the purpose
being to improve soil aeration and water infiltration.
Manure is added to soil in some areas as part of land
preparation to improve soil fertility (Biazin et al., 2011;
Sime et al., 2015). According to Desta et al. (2021), about
45% of the total rain fed area in Ethiopia is predicted
to be acidic (pH < 6.5). Out of this rain fed agricul-
tural area, 12% is extreme to strong acidic (pH < 5.5),
18% is moderate acidic (5.6 < pH < 6.0) and 14.6% is
slight acidic (6.0 < pH < 6.5). Recently, treatment of soil

World Mycotoxin Journal 0 (2023) 1–16

Downloaded from Brill.com 03/15/2024 10:02:43AM
via Open Access. This is an open access article distributed under the terms

of the CC BY 4.0 license.
https://creativecommons.org/licenses/by/4.0/

https://creativecommons.org/licenses/by/4.0/


J.A Sadik et al.

216� World Mycotoxin Journal 16 (3)

6 J.A. Sadik et al.

acidity using lime has been increasing in the country to
improve maize yield (Alemu et al., 2022).

Current land preparation practices in Ethiopia may
increase mycotoxin contamination. Proper tillage sys-
tems contribute to improved aeration of soil and crop
water availability. This reduces crop stress during growth
and can reduce incidence of fungal infection (Xu et al.,
2022). There are three common types of tillage sys-
tems in the world: ploughing with which 30 to 40 cm
of the top layer is inverted: minimum tillage, which
involves mixing the crop debris with the top 10 to
20 cm of soil; and no tilling, in which seed is directly
drilled without tilling soil (Arino et al., 2009). Maize
grown in ploughed soil showed slightly lower fumon-
isins contamination as compared to minimum tillage,
which can be explained by the destroying effect of
ploughing on fungi (Arino et al., 2009). In another
research, Janusauskaite et al. (2013) reported about a
12% decrease in fungal population at a minimum tillage
level (10 to 20 cm depth) as compared to 0 to 10 cm
depth. This decrease could be partly associated with
a lower quantity of plant residue at the lower depth.
Despite the unavailability of information on the rela-
tionship of ‘maresha’ and ploughingmethod withmyco-
toxin contamination in Ethiopia, it seems that this
method favours mycotoxin contamination. First, when
using this method, the topsoil layer can be inverted to
about 15 cm depth so only minimum tillage is possi-
ble (Biazin et al., 2011; Hussein et al., 2019; Sime et al.,
2015). At this depth, important fungal growth simulating
factors (nutrient and oxygen) are commonly available,
which make fungal proliferation possible (Nesci et al.,
2006). Second, frequent tillage may increase crop vul-
nerability to infection. With an increasing number of
years of tillage using ‘maresha’ and ploughing, soil prop-
erty deteriorates more. As a result, the soil water infil-
tration rate decreases and soil moisture loss via evap-
oration after a rain event increases. Such phenomena
may lead to draught stress of the maize plant (Biazin
et al., 2011), which further makes it prone to fungal
infection. Third, the grazing practice in Ethiopia may
increase the area coverage of fungal infection. Dur-
ing grazing, animals may distribute the fungal popula-
tion from its hot spot area to new areas. Nesci et al.
(2006) studied the distribution of three toxigenic fun-
gal species, Aspergillus, Penicillium and Fusarium, in soil
samples collected from conventional tillage, reduced
tillage and no tillage practices, with and without grazing
in Argentina. The results indicated that Aspergillus spp.
was the most dominantly isolated species in the sam-
ples in all tillage methods, for both with and without

grazing. In addition, the incidence rate of this species
was increased in no tillage method with grazing prac-
tice. Maize sowed after 60 cm manual deep ripping in
Ethiopia yielded 6% more maize than the maize sowed
at about 15 cm depth (‘maresha’ and plough method)
(Hussein et al., 2019). For long term impact, the conven-
tional ‘maresha’ and plough method shall be improved
to enable a deeper tillage, and or tractor access via
renting service or sale may be established for subsis-
tence farmers. In the literature, information on the rela-
tionship of soil treatment with lime with mycotoxin
contamination is rarely available. Despite this gap, it
is described that untreated acidic soil causes stress to
growingmaize (Alemu et al., 2022) making the crop vul-
nerable to fungal infection (Keller et al., 2022).

Growing period
In Ethiopia, the maize growing period is dependent on
the seasonal rainfall (Sime et al., 2015). The common
growing period is in the main rainy season, which is
from May to December (Tsehaye et al., 2017). This is
mainly because about 99% of the maize is produced by
using natural rain (Abate et al., 2015). However, in some
areas, the growing period may be extended. Accord-
ing to Sime et al. (2015), the cereal cropping season in
Ziway area, East Shoa Zone of Oromiya Regional State, is
from April to October, with the main season being from
June to October. In Ethiopia, the use of irrigation water
for maize production is limited. According to the CSA
(2021a) and CSA (2021b) report for the 2020/21 crop-
ping season, only about 37 thousand hectares of land
from the total area of 3.4million hectares used formaize
production was irrigated.

The growing period affects mycotoxin contamina-
tion given the (indirect) relationship with weather
conditions during the maize growing season. Delaying
the planting date from mid-March to mid-April was
reported to reduce preharvest aflatoxin contamination.
This was related to the rain fall pattern which rain
mostly before mid-April resulting in reduced contam-
ination, and inadequate rain in mid-March leading to
moisture stress favouring contamination (Damianidis
et al., 2018). According to Arino et al. (2009), plant-
ing of maize in the dry period increased Fusarium
species infection and fumonisin contamination as com-
pared to planting in the wet period. Sime et al. (2015)
reported that farmers in Ziway area, East Shewa Zone
of Oromiya Regional State, Ethiopia, practice cropping
mid-maturing maize in April while the main rainy sea-
son in the area is from June to October. The authors
indicated that this practice has been subjected to mois-
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ture stress to the growing maize due to cessation of the
rain during late May. The incidence of extreme climatic
conditions such as drought during the growing period
is reported to weaken the crop immune system; making
the crop vulnerable to fungal infection and mycotoxin
contamination (Chauhan et al., 2016). When applicable,
the use of early/mid maturing maize varieties or irriga-
tion would be helpful in such situations. Early maturing
maize varieties were reported to be contaminated with
fumonisin to a lesser extent than late maturing varieties,
under local climatic conditions in Zimbabwe (Ndemera
et al., 2018).

Planting
Maize planting practices, namely crop rotation, use of
improved seed and seeding density have been exercised
to different degrees in Ethiopia. According to Beyene
et al. (2016), the majority of farmers from major pro-
ducer regions practice crop rotation, i.e. alternate grow-
ing of maize with another cereal or legume in successive
cropping seasons. In another study, Assefa et al. (2021)
reported that only about 40% of farmers selected from
major maize producer areas in Ethiopia practice crop
rotation. For the same cropping season, monocropping
has been a common practice (Assefa et al., 2021; Sime
et al., 2015) and intercropping has only been used to
a limited extent (Abate et al., 2015; Assefa et al., 2021).
A three-year survey (2015-2017) on agronomic practices
of maize in major producer areas in Ethiopia indicated
that the mean plant density for 88% of farmers was
below the optimum range suggested for yield (44,444
to 62,500 plants per hectare depending on the culti-
var); the other 12% of farmers maintained the suggested
optimal range (Balemi et al., 2019). From the total area
of land used for maize production in the 2020/21 crop-
ping seasons (about 3.4 million hectares), the area cov-
ered with improved seeds was about 1.5 million hectares
(44% of total). For the same year, about 520 thousand
quintals of improved seed had been used nationally
(CSA, 2021b). On the other hand, Assefa et al. (2021)
reported that subsistence farmers in major maize pro-
ducer areas in Oromia and Amhara regions commonly
use improved seeds. In another study, Van Dijk et al.
(2020) reported that only about a quarter of smallholder
farmers in the country use improved seeds, and that the
level of use of improved seed (25 kg/hectare) is below
the requirement for reaching the optimum yield.

The practices of crop rotation and use of improved
seed may affect mycotoxin contamination. Maize crop
rotation reduces mycotoxin contamination in two ways;
it reduces stress during the maize growth period by

improving soil fertility (especially when legumes are
used) and breaks a pest-disease cycle (Xu et al., 2022).
According to Venter et al. (2016), crop rotation also
improves richness and diversity of soil microbial com-
munities. Improvement of the soil microbial commu-
nity, which can reduce toxigenic fungal infection via
competition mechanisms, can reduce mycotoxin con-
tamination (Yin et al., 2008). However, fungal spores
can stay dormant in the soil to acts as inoculum for
contamination during the next cropping season (Reis
et al., 2010; Xu et al., 2022). Yet, as explained above,
survival of spores is dependent on the tillage system
used for land preparation (Arino et al., 2009). Farmers
in Ethiopia could have access to different maize vari-
eties (Megerssa et al., 2021) including improved varieties
such as BH140 (early- to intermediate-maturity breed),
BH660 (late maturing breed) and BH661 (draught tol-
erant breed) (Abate et al., 2015). However, information
on the relationship of maize varieties available in the
country with fungal infection is rarely available at this
moment. Despite this gap, the use of improved seeds
that are resistant to fungal infection would be helpful
(Xu et al., 2022). Therefore, evaluation of maize vari-
eties available in the country for their tolerance to toxi-
genic fungal infection during growth in the field would
help in identifying the most tolerant cultivars that are
applicable to the specific local agronomic and climatic
conditions. The reported (sub)optimal maize plant den-
sity may imply that plant density may not be related
to mycotoxin contamination. When plant population is
not crowded, the competition for nutrients will be lim-
ited. In this case, the natural resistance of the crop to
fungal infection may not be affected (Xu et al., 2022).

Maize treatment practices during growth
Current agronomic treatments used to grow maize are
below the required level to reach optimum yield. These
treatments include fertiliser application, weed removal
and pesticide application. Fertiliser is described as the
major limiting factor for maize productivity in Ethiopia.
The average amount used (119 kg/ha nitrogen) is much
lower than the required amount for optimal yield (Van
Dijk et al., 2020). According to Assefa et al. (2021),
90 and 24% of respondents from major maize pro-
ducer areas in Oromia and Amhara regions use fertiliser
and manure, respectively. The same study reported that
the use of combinations of fertiliser, improved seed
and manure resulted in decreased yield. This situation
could be associated to the diluting effect of low-quality
manure to the fertiliser (Assefa et al., 2021). However,
it is to be noted that additional manure is possible from
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animals grazing the field (Van Dijk et al., 2020). A survey
conducted in major maize producer regions in Ethiopia
indicated that the occurrence of weed in maize fields
was common, with a reported weed density from low
(0-20 weeds/m2) to high (41-100 weeds/m2) (Regassa et
al., 2020). According to Assefa et al. (2021), during the
main cropping season of 2017 and 2018, the use of her-
bicide was not common, and pesticides were used to a
limited extent among subsistence maize producer farm-
ers present in major producer areas in Ethiopia. The
authors described that this practice is partly related to
farmers’ preferences to use human labour for weeding
rather than using herbicides. The limited use of pesti-
cides was associated with the low incident rate of dis-
ease/pest in this cropping period.

When optimal growth requirements for maize in
Ethiopia are not met, growth stress occurs on the crop
whichmay increase mycotoxin contamination (Keller et
al., 2022). A low level of nitrogen leads tomaize nutrient
stress creating favourable conditions for fungal infection
(Xu et al., 2022). Sub optimal N-fertiliser application to
maize was reported to lead to increased contamination
of fumonisin contamination in Zimbabwe (Ndemera et
al., 2018). An increase in weed density during maize
growth was indicated to result in a decrease in maize
yield in Ethiopia, presumed to be due to a competi-
tive effect of the weed for growth factors (Sime et al.,
2015). Increase in weed density would also create stress
to the growing maize plant making it more vulnerable
to fungal infection. Training farmers to control the pres-
ence of weed by using manual methods or using rec-
ommended pesticides would be helpful. Somemycotox-
igenic species may be able to better adapt to stress con-
ditions than others. This feature fundamentally deter-
mines ecological dominance in any given environment
(Dovenyi-Nagy et al., 2020).

Harvesting
Subsistence farmers in Ethiopia use traditional meth-
ods for judging readiness of maize for harvesting.
These methods include starting of drying of leaves,
colour change from green to yellow, and cob dropping
(Garbaba et al., 2018b; Mohammed et al., 2022). Other
methods such as the crop calendar method, and obser-
vation of kernel dryness and shelling property are also
used (Garbaba et al., 2018b). According to CSA (2021a),
the harvesting period for main crops – including maize
grown in the main cropping season – is from Septem-
ber to February depending on local weather conditions.
Both harvesting at the right maturity and late harvest-
ing practices have been reported. Beyene et al. (2016)

reported harvesting has been at the right maturity in
the major maize producer areas in the country. Sim-
ilarly, 99% of farmers around Hawasa city in south
Ethiopia (Boshe et al., 2020) and 93%of maize producer
farmers from east Ethiopia (Mohammed et al., 2022)
harvest their maize at the right maturity. On the other
hand, Bereka et al. (2022) reported that all the respon-
dent maize producer farmers in Jimma zone in south-
west Ethiopia practice delayed harvesting aftermaturity,
the reason being for further drying. The authors also
reported that these farmers wait for sunny days to har-
vest due to fear of maize produce wetting by accidental
rain.

Time of harvesting is described as important agricul-
tural practice to control preharvest mycotoxin contam-
ination. The best time is harvesting at the physiological
maturity (Kaaya et al., 2005). Thus, harvesting at the
right maturity level in Ethiopia should be encouraged.
However, in the traditional practice, knowing the actual
level of maturity may not be possible since unstandard-
ised and subjective maturity measurements have been
used. Thus, more reliable objective methods of testing
maturity, determining moisture content (using low-cost
portable devices) shall be promoted to determine matu-
rity. With this method, the right time to harvest can be
better estimated to effectively prevent mycotoxin con-
tamination at this stage. The practice of delayed har-
vesting after physiological maturity, which is reported
from Jimma zone, should be discouraged. Despite the
benefit of drying with delayed harvesting, this practice
may lead to fungal infection (Kaaya et al., 2005). This
is because delaying gives fungal spores surviving in the
air more chance for contamination. In addition, rainwa-
ter and insects play a role for the dispersion of these
spores (Dovenyi-Nagy et al., 2020). In these perspec-
tives, Fusarium species are well known for preharvest
infection (Ndemera et al., 2018). Further, insect damage
at the preharvest period facilitates fungal infection (Jal-
low et al., 2021) which is further associated to risk of
mycotoxin contamination.

Field drying
Sun drying is the most common drying method in
Ethiopia, by using different drying surfaces. For on farm
drying, maize drying in a bare ground is quite com-
mon (Boshe et al., 2020; Garbaba et al., 2018b; Mesfin
et al., 2022). Applying this method, drying is done by
spreading the stalks on the ground without detaching
the cob or heaping up the stalks (Garbaba et al., 2018b).
According to Bereka et al. (2022), farmers in Jimma zone
keep drying their maize on the ground for one to two
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weeks, and about 30% of the respondents practice dry-
ing in their home for an extended time. In another study,
about 50 and 44% of farmers around Hawassa city are
reported for practicing sun drying on bare ground and
on top of plastic sheet, respectively. Farmers in this area
also use indoor smoke drying to a limited extent (Boshe
et al., 2020). For this type of drying, maize cobs are sus-
pended above a fire where the smoke and heat produced
provide accelerated drying which enables to a good con-
trol of insect damage during storage (Kuyu and Bereka,
2020).

The traditional drying methods in Ethiopia seem to
favour mycotoxin contamination. Harvesting moisture
contents is important factor for mycotoxin contamina-
tion. For safe storage, a product should be dried to less
than 13% moisture content (Xu et al., 2022). Garbaba
(2018b) reported a moisture content ranging from 16 to
28% for maize samples collected at harvest from Jimma
zone of Ethiopia, and the authors described this mois-
ture level makes the grain susceptible to fungi infection.
In another research, Getachew et al. (2018) reported a
moisture content of 9-14.7% for stored maize samples
collected from the south and southwestern Ethiopia.
All tested samples in this study were infected with
Aspergillus, Fusarium and Penicillium species. In the cur-
rent practices in Ethiopia, objective measurement of
drying levels using moisture content has not been used.
As a solution to the problem for persistence farmers in
Ethiopia, Beyene et al. (2016) suggested to use scratch-
ing of the grain by nail and using the sound during teeth
breakage. This method could still be ineffective since it
is subjective, and difficult to determine the right level
of grain dryness. Similar to insufficient drying, over dry-
ing of maize may favour fungal infection since it may
lead to cracking of kernels, which makes them vulner-
able to fungal infection (Garbaba et al., 2018b). Field
drying by stackingmaize for too long period is presumed
to favour fungi growth. In this regard, the practice of on
farm drying for a long period using bare ground should
be discouraged (Garbaba et al., 2018b). Leavens et al.
(2021) demonstrated the possibility of controlling afla-
toxin contamination in maize for small holder farmers
in Senegal. The researchers implemented a combined
method – training of farmers, using tarp for drying sur-
face and using a farmer friendly portable hygrometer to
measure moisture content. This approach seems appli-
cable experience worth sharing to subsistence farmers
in Ethiopia.

Shelling
Grain handling in Ethiopia is by using animals and
human labour (Garbaba et al., 2018b; Muga et al., 2019).
Maize shelling, i.e. separating the kernel from the cob,
in Ethiopia is described by Tekeste and Degu (2019)
and Garbaba et al. (2018b). Manual shelling is the com-
mon practice. In this method, dry cobs are beaten with
stick or rubbed using rough stone. Beating is preferred
when the volume of cobs is high (>1,500 kg) (Tekeste
and Degu, 2019). Garbaba et al. (2018b) reported that
82% of farmers in Jimma zone use this method for
maize shelling. Shelling is also conducted by using fin-
ger palm or putting the cobs in a sack and hitting with
stick (Garbaba et al., 2018b).

Current Ethiopia maize shelling practices may
increase mycotoxin contamination. According to
Garbaba et al. (2018b), a shelling practice where maize
cobs are put in a sack which is manually beaten dam-
ages the kernels and makes them vulnerable to fungal
infection. For subsistence farming situations, separating
damaged maize kernels, and using them for immediate
consumption while using sound ones for storage seems
helpful. In addition, when wetting happens during dry-
ing or shelling due to accidental rain, further drying,
or using the wet portion for immediate consumption
would be helpful, as well as prevention of contact of
the maize with soil during shelling. Promoting har-
vesters and threshers for subsistence farmers could help
to reduce fungal infection. These technologies can be
made accessible to farmers for renting services through
cooperatives. By adopting these technologies comple-
mented with objective moisture measurement tools,
maize can be harvested at the right maturity, drying on
bare ground can be prevented, contact of maize with
soil during threshing can be reduced, and kernel dam-
age can be reduced. As a result, risk of fungal infection
and mycotoxin contamination can be minimised.

Postharvest practices andmycotoxin contamination
Off-house storage
Gombisa, a granary, is a commonly used structure for
the purpose of both drying and storage of maize. It is
common in the southwestern part of Ethiopia (Garbaba
et al., 2018a). A gombisa is made up of locally available
materials, mostly bamboo. The roof is covered with nat-
ural or thatch grass. For bulk drying of maize, its wall is
made from permeable wood material. Drying of maize
occurs exclusively by wind where wind coming through
the walls defuses the moisture from the maize sur-
face (Roman et al., 2020). Bereka et al. (2022) reported
that more than 80% of respondents from Jimma area
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use gombisa for maize storage. According to Megerssa
et al. (2021) 10% respondent farmers in North Shewa
practice off house hanging of maize cobs. In another
research, Dirashe people in southern Ethiopia use gotela
for maize storage. Gotela is an off house storage struc-
turemade up of bamboo, wood and clay (Sunano, 2020).

In-house storage
For in-house storage, traditional storage structures, such
as gotera, polyethylene bags and jute sacks have been
used (Beyene et al., 2016; Boshe et al., 2020; Hengsdijk
and De Boer, 2017; Megerssa et al., 2021). A gotera is
constructed from wood, mud and straw (Boshe et al.,
2020; Hengsdijk and De Boer, 2017). Structures used
less often include metal silos (Hengsdijk and De Boer,
2017), plastic bags (Boshe et al., 2020) and clay pots
(Megerssa et al., 2021). In-house storage structures are
used for both shelled and unshelled maize grain. How-
ever, in-house maize storage is most often done in
a shelled form (Megerssa et al., 2021). According to
Bereka et al. (2022), farmers in Jimma zone prefer to
store the unshelled form of maize believing that it
prevents insect infestation. Storage structures are com-
monly disinfected before using them for a new crop,
such as by smearing with cow dung or ash (Beyene
et al., 2016), rubbing the inside wall and the bottom
wall with hot pepper or smoking with hot pepper, and
using cereal straw at the bottom layer of the structure
(Kuyu and Bereka, 2020). Disinfection by smoking with
leaves from weira (Olea Europea subspecies Africana)
and Neem tree (Azadirachta indica) and fumigation are
also used, but rarely (Beyene et al., 2016). According
to Boshe et al. (2020) about 64% of respondent farm-
ers around Hawassa city, south Ethiopia disinfect their
storage structure before using it for a new harvest. In
another research, Garbaba et al. (2018b) reported that
99.5% of maize farmers in southern Ethiopia sanitise
their store before using it for a new harvest. Several
protection methods against insects and fungi are used
for grain storage. For instance, the use of pesticides
is common for maize (Hengsdijk and De Boer, 2017;
Megerssa et al., 2021). Mohammed et al. (2022) reported
that 87% of their respondent maize producer farmers
from eastern and western Hareghe zones use insec-
ticide to protect maize during storage. According to
Megerssa et al. (2021), celphos, quicphos, deltametrin,
malathion dust, deltacal and diazinon obtained from
legal or illegal sources are used by farmers in west Showa
zone. In another research, Mesfin et al. (2022) reported
that about two thirds of maize producer farmers in
Jimma zone and Sidama Region use dichloro-diphenyl-

trichloroethane (DDT) for maize protection. Botanical
plants (Kuyu and Bereka, 2020) and elevation of storage
structures (Hengsdijk and De Boer, 2017) are also used
to protect maize during storage.

Even though they are meant to protect, both the
storage structures and treatment methods seem to con-
tribute to fungal infection and mycotoxin contamina-
tion in Ethiopia. The common storage structures are
influenced by external environmental conditions, such
as moisture migration and oxygen permeability. This
enables fungal growth and insect infestation (Garbaba
et al., 2018a; Roman et al., 2020). In addition, these
structures are prone to internal moisture condensation
which also helps fungal growth (Roman et al., 2020).
High temperature and relative humidity during storage
may favour growth of Aspergillus species and myco-
toxin contamination (Chulze, 2010). Despite different
treatment and protection methods have been used to
prevent fungal infection, mycotoxin contamination in
stored maize has been frequently reported in Ethiopia
(Boshe et al., 2020; Chauhan et al., 2016; Getachew et
al., 2018; Mesfin et al., 2022; Mohammed et al., 2022;
Tsehaye et al., 2017). Getachew et al. (2018) identi-
fied several species of fungi, including Fusarium and
Aspergillus, and 127 mycotoxins and derivatives from in-
house stored maize in farmers households from south
and southwestern part of Ethiopia. In another study,
Mohammed et al. (2022) reported that all maize sam-
ples collected from farmers in house stores in eastern
Ethiopia were contaminated with fumonisins.

For maize grain stored in jute bags and polypropy-
lene bags for 7 months under a laboratory condition,
the proportion of maize damaged by weevils increased
from 9 to 61% and 5 to 18%, respectively (Kuyu et al.,
2022). According to Megerssa et al. (2021), maize farm-
ers in west Showa reported a grain damage up to 75% in
the worst case due to storage pests. Control of insects
during maize storage is important since insects dam-
age the grain making it vulnerable to fungal infection
or their activities create a moisture accumulation which
helps for fungal growth and mycotoxin contamination
(Chulze, 2010). If used properly, protection chemicals
such as herbicides, fungicides and insecticides during
storage can reduce mycotoxin contamination (Ndemera
et al., 2018). However, the frequent occurrence of myco-
toxin contamination in stored maize in Ethiopia has led
us to question the effectiveness of treatment chemicals
and methods as well as their application practices.
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Maize processing at household level
Sorting out defected maize kernels is an integral part of
processing, which is conducted as the first step. Beyene
et al. (2016) reported that sorting out damaged ker-
nels has been practiced at household level among the
major regions in Ethiopia with variable extent among
the regions. According to Boshe et al. (2020), about 60%
of respondents around Hawassa city do not sort out
fungal contaminated maize kernels. In Ethiopia, maize
is processed to produce several types of foods, such as
injera, and porridge (Mohammed et al., 2022) and alco-
holic beverages, such as Tella (Bereka et al., 2022). The
major processing activities include milling, fermenta-
tion, and thermal treatment (baking/boiling/roasting).
The detailed processing conditions depend on the spe-
cific type of food produced. According to Mesfin et al.
(2022), about 22%of households in Sidama region prac-
tice dehulling, one of the prior activities for milling,
while only 2% of households in Jimma zone apply it.
The same study indicated that 2% of the households
in Sidama and 23% from Jimma zone practice soaking
(washing).

Maize processing practices in Ethiopia may reduce
mycotoxin contamination. According to Matumba et
al. (2015), mycotoxins are concentrated in the surface
of shrivelled immature, broken and discoloured grains.
Implementing Good Manufacturing Practices (GMPs)
that are applicable to small holder farmers such as
sorting, washing and dehulling can reduce mycotoxin
contamination (Jallow et al., 2021). Matumba et al.
(2015) reported a mycotoxin reduction of about 96%
by using hand sorting. When combined with washing
and dehulling, the reduction level was increased to 99%.
Information on maize processing practices to foods and
beverages such as soaking, roasting, fermenting, and
baking in relation to mycotoxin reduction in Ethiopia
is hardly available in the literature. Despite the reduc-
ing effect of processing, the occurrence of fumonisins
in maize flour collected from local markets and house-
holds in east Ethiopia was reported (Mohammed et al.,
2022).

Developments to preventmycotoxin contamination in
maize in Ethiopia
Selected intervention options which have been studied
for postharvest loss reduction and that have direct or
indirect impact on reducing mycotoxin contamination
in maize are described below. These are recent develop-
ments for maize drying and storage.

Figure 2 A modified gombisa (photo with permission from
Roman et al., 2020).

Modified gombisa
In the traditional gombisa, achieving a uniform maize
dryness is a problem – relatively faster drying occurs on
maize stored in its top. Consequently, this leads to the
formation of a microclimate at the centre of the stored
maize, which is characterised by its own temperature
and relative humidity. Surprisingly, the relative humid-
ity in the centre of the gombisa can remain above 90%
for long time (four weeks) including during day times.
This phenomenon was reported to happen when the
outside relative humidity was lower than 40%. Such a
micro-atmosphere could create favourable conditions
for fungal growth (Roman et al., 2020). Another prob-
lem of the traditional gombisa is moisture leakage to the
gombisa, especially during the rainy season with impli-
cations for fungal growth (Garbaba et al., 2018b). Once
constructed, the same gombisa can be used for 10 years;
for about 6 months of storage of a newly harvested crop.
Thus, it can be a source of fungal inoculum to a new
harvest. To overcome these problems with a subsequent
reduction of mycotoxin contamination, the traditional
gombisa wasmodified. A successful pilot scalemodifica-
tion trial was conducted (Roman et al., 2020) in which
a photovoltaic panel driven fan ventilation system was
used to improve the drying process, and to solve the
moisture condensation problem (Figure 2). This mod-
ified gombisa reduced the initial moisture content of
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Figure 3 A solar bubble drier (photo with permission from
GrainPro®; Asemu et al., 2020).

maize cobs from 22 to 14% (db) in 11 days at its cen-
tre while drying took longer times for other locations in
the gombisa (Roman et al., 2020). In addition, a metal
sheet was used underneath the thatch to prevent water
leak during raining. However, the performance of this
gombisa under actual field conditions in Ethiopia has
not been tested yet. In addition, an economic evalua-
tion under subsistence farming situations including the
willingness of farmers to adopt the technology has not
been performed yet.

Solar bubble dryer
A novel solar bubble dryer was demonstrated in Ethiopia
for on farmmaize drying (Figure 3). Using this drier, the
moisture content of freshly harvested maize grain was
reduced from 22-29 to 13% (wet basis) within 24-39 h
under the experimental location conditions (Asemu et
al., 2020). Despite its potential in reducing mycotoxin
contamination, its practical application is limited. Its
availability and relatively high investment cost (cost of
land, the system purchasing, installation and operation)
are constraints for farmers. Cost benefit studies and the
willingness of farmers to adopt the technology have not
been researched.

Hermetic storage
Hermetic storage structures which have been recently
introduced in Ethiopia are promising techniques for
mycotoxin control during storage by subsistence farm-
ers. Purdue Improved Crop Storage (PICs) bag is the
most frequently used bag (Mekonen and Wubetie,
2021). Since a bag is the most common storage structure
for maize in the country (Hengsdijk and De Boer, 2017),
these improved hermetic bags can easily be adopted.
According to Bereka et al. (2022), about 8% farmer
respondents in their study area use PICs bags to store
maize. PICs bags are reported to effectively reduce
mycotoxin contamination of maize (Leavens et al., 2021;
Worku et al., 2022). As a result, using the PICs bag is
one of the recommended GAPs for maize storage (Xu
et al., 2022). Interestingly, PICs bags are also proven to
reduce maize damage by weevils to below 3.8% during
a 7-month storage period in Ethiopia. To compare with,
the same study indicated a weevil damage up to 61% of
the maize grain stored in a conventional jute bag (Kuyu
and Bereka, 2020).

Despite the advantage of reducing mycotoxin con-
tamination, the use of PICS bags for maize storage in
Ethiopia faces some supply chain constraints. Meko-
nen and Wubetie (2021) found that the initial purchase
price of PICs bag was a major determinant for the
low level of adoption of the bag for maize storage in
Burie area, West Gojam Zone. Consequently, farmers
in these areas showed preference for using toxic fumi-
gants as cheaper alternatives. A study by Mohammed
et al. (2022) indicated that none of the maize producer
respondent farmers from eastern and western Harerghe
zones use improved storage structures, such as PICs
bags, which the authors associated with lack of farm-
ers’ awareness and/or unavailability of the bags in local
markets. According to Leavens et al. (2021), sustainable
supply chain of PICs bag has been one of the limitations
to effectively reduce mycotoxin contamination of maize
for long term food safety benefits in Senegal.

4 Conclusions

Most of the retrieved studies in this review focused on
mycotoxin contamination in the postharvest stage of
maize production. Despite the limited evidence for the
occurrence of mycotoxin contamination in the prehar-
vest stages of maize production in Ethiopia, literature
evidence from other countries indicated that the cur-
rent practices of land preparation, planting, growing,
harvesting, drying, and shelling are related to myco-
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toxin contamination. On the other hand, the occurrence
of mycotoxin contamination in the postharvest stage
of maize production in Ethiopia is well evident. For
this stage of maize production, there are some promis-
ing intervention options that are directly (indirectly)
related to reducing mycotoxin contamination, particu-
larly during drying and storage. However, these develop-
ments are not fully implemented by subsistence maize
producer farmers in Ethiopia mainly due to availability,
affordability, and/or awareness reasons.

Since most of the current pre-and post-harvest maize
management practices in Ethiopia favour mycotoxin
contamination, implementing a single intervention
strategy is not a feasible option. Therefore, develop-
ing integrated intervention options by combining Good
Agricultural Practices in the preharvest stage and Good
Manufacturing Practices in the postharvest stage that
are applicable to subsistence farming conditions are
suggested. To complement already available evidence
in the literature to develop integrated intervention
options, further research aimed to identify locally avail-
able maize varieties for their tolerance to fungal infec-
tion and mycotoxin contamination, to improve the
‘maresha’ and plough method for deeper ploughing,
to optimise growth treatments, to improve the tradi-
tional storage structures and treatments, and to mod-
ify processing practices are recommended. Predictive
modelling of the growth of toxigenic fungal species con-
sidering a forecasted local climatic change scenarios in
the future, together with a clear understanding of local
pre- and postharvest practices, would help in providing
early-stage mitigation strategies to prevent mycotoxin
contamination in maize in Ethiopia.
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