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a b s t r a c t

The objective of this study was to evaluate the potential growth of mycotoxin-producing fungi under
different agro-ecological settings and storage methods in southwestern Ethiopia. The districts of Sokoru,
Omonada, and Dedo, representing three agro-ecological settings, were considered for the study. Six
farmers' fields were selected from each agro-ecology for monitoring pre-harvest weather conditions,
while three farmers' and three collectors' storage systems were considered for post-harvest study.
Additional warehouses were also included for current study. Fungal pathogens were isolated and
identified once per month over a six-month storage period. Both long-term climate and pre-harvest
weather data indicated that all agro-ecological conditions were conducive to the growth of the target
fungal species. Temperatures inside the farmers' storage systems showed significant (P ¼ 0.04) positive
correlations with ambient conditions. Significant (P < 0.05) positive correlations were also observed
between the relative humidity under the farmers' storage and the ambient conditions. In contrast, there
were no significant correlations between the collector's storage and ambient conditions for either
temperature or relative humidity. A simple linear regression model revealed that there was a negative
relationship between frequency of mycotoxin-producing fungi and the temperature inside the farmers'
storage systems; whereas, fungal occurrence was positively and significantly (P < 0.05) correlated with
the relative humidity. Both temperature and humidity were associated with fungal frequency of occur-
rence in the collectors' store-houses and the wholesalers' warehouses. The farmers' traditional storage
methods are not climatically controlled to maintain post-harvest product quality. Therefore, a simple and
accessible climate-controlled storage structure is necessary for the resource-poor growers of the study
area.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Maize is a highly important cereal crop but it is subjected to
severe post-harvest losses in Africa (Dubale et al., 2012; Tefera,
2012; Befikadu, 2014). Generally, preventing post-harvest losses
is a challenge for producers in developing countries but it is an
imperative aspect of food security (IFPRI, 2010; Sori and Ayana,

2012; Tefera, 2012). Homdork et al. (2000) stated that most of the
time storage systems in developing countries are traditional and
not climatically controlled due to high cost and are not readily
available. In general, crop storage practices and structures in
Ethiopia are traditional systems which promote the proliferation of
pathogens and insect pests. Under such conditions, stored products
such as maize may be vulnerable to these pests (Gabriel and
Hundie, 2006; IFPRI, 2010; Dubale et al., 2012, 2014; Sori and
Ayana, 2012; Befikadu, 2014).

In Ethiopia, cereal grains are stored in gotera, gombisa, sacks,
pots, underground pits, baskets, store-houses and warehouses
(Gabriel and Hundie, 2006; Dubale et al., 2012; Garbaba et al.,
2017). The gombisa is the most popular on-farm storage structure
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of maize in the southwestern Ethiopia. It is usually unplastered
structure mostly made from bamboo. Its roof is covered with
thatched grass. Maize stored in cobs for an average of six months
(Garbaba et al., 2017). This structure is not generally climate-
controlled and its contents are exposed to the external environ-
ment, leaving crops vulnerable to fungal pathogen contamination.
Traders in the southwestern part of the country store shelled maize
in sacks (Befikadu, 2014; Garbaba et al., 2017). Maize is hygro-
scopic; even when it is dried thoroughly, its kernels can absorb
water when they are subjected to high relative humidity (Devereau,
2002; Rashad et al., 2013). To preserve the longevity of maize seeds
for germination, it should be protected from adverse conditions
that leads to microorganism growth resulting in deterioration
(Oyekale et al., 2012). Dried maize can accumulate high levels of
aflatoxin at 25 �C and 86% (±3%) equilibrium relative humidity.
Climate control, then, helps to limit the proliferation of Aspergillus
flavus, a major aflatoxin producer (Muchilwa and Hensel, 2016).

Various species of fungal pathogens in southwestern Ethiopia
have recently been reported. The dominant fungal genera isolated
from post-harvest maize were Fusarium, Aspergillus, and Penicil-
lium. These pathogens reduce both crop yield and quality (Dubale
et al., 2012; Garbaba et al., 2017). Another recent study in south-
ern Ethiopia found that Aspergillus, Fusarium, Penicillium, and Tri-
choderma species were the dominant fungal pathogens onmaize, in
a descending order of frequency. All tested samples were contam-
inated with varying levels of aflatoxin exceeding the safety limits
set by the Food and Drug Administration (FDA) and the European
Union (EU) (Chauhan et al., 2016). Another study conducted in
northwestern Ethiopia determined that the average pre- and post-
harvest maize aflatoxin concentrations were 18.38 mg kg�1 and
43.36 mg kg�1, respectively. These results clearly indicate that
aflatoxin contamination occurs both before and after harvest, and
that the concentration of the toxin significantly increases along the
post-harvest process chain (Assaye et al., 2016). An assessment of
aflatoxigenic Aspergillus species in the food commodities from a
local market in Addis Ababa showed that A. flavus and A. parasiticus
were the dominant species isolated from various foodstuffs
(Gemeda et al., 2014). Overall, the findings reported for various
parts of the country revealed that mycotoxin-producing fungi are
prevalent contaminants in stored maize.

Various participants in the maize supply chain in southwestern
Ethiopia performed similar pre- and post-harvest handling prac-
tices without changing to controlling climatic conditions. Most of
the research focused on the roles of temperature and relative hu-
midity on fungal growth under laboratory conditions. Nevertheless,
very little data is available to evaluate the effects of changing cli-
matic conditions in different agro-ecological settings and storage
methods which support the growth of major mycotoxin-producing
fungi. It is also necessary to know the environmental conditions
from post-flowering to physiological maturity to harvest in order to
determine the susceptibility of an area to fungal pathogen growth
and whether it could be an inoculum source during the post-

harvest process. Therefore the aims of this study were 1) to
assess the potential role of temperature and relative humidity of an
area during post-flowering to physiological maturity of maize for
mycotoxin-producing fungal growth 2) to investigate the maize
storage methods at various agro-ecological settings in south-
western Ethiopia for the growth of major mycotoxin-producing
fungi along the maize post-harvest supply chain.

2. Materials and methods

2.1. Description of study area

The research was conducted in Jimma Zone, located in Oromia
Regional State in southwestern Ethiopia. Agriculture is the main
economic activity in this region. The major crops produced there
are maize, teff, and sorghum. The elevation ranges from 800 to
3360 m above sea level (masl) and the average annual rainfall is
1600 mmwithin 8e10-month period. The temperature varies from
7 to 30 �C. The present study was conducted in Sokoru, Omonada,
and Dedo districts, representing lowland, midland, and highland of
the agro-ecological settings, respectively. Those districts represent
amongst the highest maize production areas from the Jimma zone
(CSA, 2009; ZoFEDO, 2013). Abalti Peasant Association (PA) repre-
sented the lowland agro-ecology, Nada Chala PA was the midland
agro-ecology, and Mole PA portrayed the highland agro-ecology
were selected for current study. For the collector storage, the dis-
trict/town centre was selected as a study site for each agro-
ecological setting (Table 1).

2.2. Experimental setup and procedures

2.2.1. Pre-harvest micro-climate
Six farms from each agro-ecological setting were selected for

pre-harvest weather monitoring. Microclimatic relative humidity
and temperature data for each selected farm were recorded using
data loggers (Testo 174 H, Testo SE& Co. KgaA, Lenzkirch, Germany)
with an accuracy of ±3% for relative humidity and ±0.5 �C for
temperature. Each data logger was first configured to record
weather variables every 20 min then placed in each maize field
1.5 m above the ground. Data were collected from the maize tas-
selling and silking stage until physiologically maturity and harvest.
Finally, all data collected were complemented with two decades of
historical climatic data for each agro-ecological setting from the
flowering to the harvest stage in order to evaluate the effects of
climatic conditions on fungal growth.

2.2.2. Storage
On the farm, growers usually store maize in cobs for an average

of 6 months. The dominant storage structure used by farmers is the
traditional gombisa. A gombisa was built with locally available
materials at each agro-ecological setting for current study. As
result, similar structures were seen on every selected PA site. The

Table 1
Agro-ecological settings and coordinates of the study sites.

Actor Agro-ecology/town PA/town Altitude Coordinates

(masl) Latitude (N) Longitude (E)

Farmer Lowland Abalti 1476 08�170 037�570

Midland Nadda Chala 1886 07�360 037�120

Highland Mole 2054 07�280 036�590

Collector Lowland Sokoru town 1810 07�550 037�250

Midland Nada town 1823 07�380 037�150

Highland Sheki town 2234 07�300 036�520

Wholesaler Jimma Jimma town 1734 07�460 036�490

C.A. Garbaba et al. / Journal of Stored Products Research 76 (2018) 22e29 23



https://isiarticles.com/article/108505

