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Abstract: Storage fungi are among the major factors causing post-harvest deterioration of crop produce worldwide.
However, their association to the major factors that contribute to fungal contamination under storage conditions remains under
studied in many parts of Sub-Saharan Africa including Ethiopia. Therefore, the current work was carried out with the
objectives to identify major factors that contribute to fungal contamination of wheat grains under storage conditions. For this
purpose mycological analysis was carried out using 180 wheat grain samples collected from three major wheat growing zones
(Arsi, West Arsi and Bale) of South East Ethiopia. Results of the mycological analysis revealed the contamination of wheat
grains by fungal species at different locations and storage time with different frequencies. Fungal contamination of samples
indicated that highest incidence was observed at West Arsi (96.98%) followed by Bale (91.76%) and Arsi (86.43%). Fungal
contamination also varied with storage period with the highest incidence of (98.62%) followed by (89.78%) and (86.77%) was
observed after six months, upon harvest and three months of storage, respectively. The highest fungal incidence (98.62%) was
recorded after six months storage of wheat grain. Fungal incidence was highly associated with two of the independent
variables, namely, temperature and relative humidity of storage in a logistic regression model. However, there is no significant

association (p<0.05) with grain moisture content and storage type of wheat grains under storage conditions.
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1. Introduction
1.1. Background and Justification

In Ethiopia, wheat is grown in different agro-ecological
zones. The areas vary in-terms of weather conditions, wheat
varieties grown and crop management practices. The crop
contributed a great deal to the country as source of food and
income but it is continuously ravaged by diseases and other
biotic constraints. Among the biotic factors, fungi are the
principal organisms associated with crop seeds. A complex
of seed-borne fungi including the genera of Tilletia, Ustilago,
Bipolaris, Fusarium, Alternaria, Drechslera, Stemphylum,
Curvularia, Cladosporium, Rhizopus, Aspergillus and
Penicilliumhave been reported as the most frequent seed-
borne fungi of wheat throughout the world [1-3]. Three

genera, Fusarium, Penicilliumand Aspergillus, all potential
mycotoxin producers, could be considered as the most
significant toxigenic fungi growing in processed and stored
foods [4]. Due to their capability to develop in a wide range
of environmental conditions, fungi in the genus Aspergillus
are comparatively more widespread than others [5]. Fungal
growth and mycotoxin production in cereals is influenced by
various factors. Climatic conditions, especially temperature
and humidity, play a very important role in this process [6].
Microscopic fungi and their metabolites, mycotoxins, are
often found as contaminants in agricultural products before
or after harvest as well as during transportation or storage.
Furthermore, infection rate of seeds depends on some
environmental conditions such as high relative humidity,
suitable temperature and also high level of moisture content
in seed. Yield losses caused by seed-borne pathogens to
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wheat are reported between 15 to 90% of untreated seeds
grown in fields [7]. It is difficult to get the exact information
on post-harvest losses of grains in Ethiopia but the frequently
used figure ranges from 20-30% [8].

Seed health testing to detect seed-borne pathogens is an
important step in the management of crop diseases. A lot of
information is available regarding the mycoflora associated
with harvested wheat grains based on reports from several
countries [9-11]. In Southeast Ethiopia, most of wheat
production takes place in relatively cooler areas of Arsi and
Bale zones followed by West Arsi zone (Shashemene and
Arsi Nagelle districts). In these areas, most of the harvested
wheat grains are generally stored in sacks of different sizes
and quality. Wheat grains are often contaminated with many
kinds of fungal agents before or after harvesting and
depending on the storage conditions and prevailing
environmental factors. Hence, the study of seed-borne
pathogens is necessary to determine seed health status and to
improve germination potential of seed, which finally leads to
increase of the crop production [12]. This information is
necessary for local growers to understand the seed-borne
fungal pathogens infecting wheat and their frequency to
make decisions on management options.

On the other hand, the diversity of the fungi, which have
an implication on the management of the fungi, is not known.
The development of relevant management strategies are
lacking. Chemical fungicides commonly used to control
growth of fungi in storage may not be appropriate in many
occasions, because of their several side effects. Natural
alternatives that are user friendly and demonstrate low
toxicity to humans and animals should be identified. In
Ethiopia, in spite of the presence of wide diversity of plants
and their essential oils with antifungal properties, no or little
researches have been done. Despite its importance, storage
fungi has been one of the most poorly understood
pathosystems in Ethiopia. So far, only limited surveys were
conducted in few areas. Yield loss assessment studies have
been carried out in fewer areas and they are largely based on
data from field surveys. Lack of post-harvest technologies
causes on an average 15-20% losses due to pests and climatic
factors [13]. As a result there is a need to assess the factors
associated with the incidence and frequency of storage fungi
in different areas and across agro-ecological zones. Thus, this
study was designed with the following objectives.

1.2. Objectives

To identify major factors those contribute to fungal
contamination of wheat grains under storage conditions

2. Materials and Methods
2.1. Sample Collection

Wheat seed samples were collected from the major wheat
growing zones (Bale, Arsi and West Arsi) of Southeastern
Ethiopia from November 2017 to July 2018. Two districts per
zone, three kebeles in each district and 10 households (HHs)

from each kebele were selected for sample collection based
on the wheat productions potential and ability to produce
surplus wheat grains and save grains after harvest at least for
six months. The selection of the woredas, kebeles and HHs in
the three zones were facilitated by key informants composed
of experts in the respective zone and woreda offices of
Agricultural Development and development agents (DAs) of
each kebele.

The primary samples were taken from three spots (top,
middle and bottom) of each sack or store per HHs with the
help of seed sampler and mixed to get composite sample. The
study sample size of grains was adjusted to 1 Kg per HHs
and taken to laboratory of plant quarantine and seed health
research program at Holeta Agricultural Research Center.
There were 30 wheat samples per woreda and totally about
180 samples were collected during harvesting and at three
months interval for the period of six months. The geographic
coordinate’s of sample collection sites (latitude, longitude
and altitude) were recorded using Geographic Positioning
System (GPS) unit. In addition, storage condition or type,
moisture content and date of sampling were documented.
Weather parameters relative humidity and temperature of
storage houses were recorded by using hygrometer.

2.2. Determination of Grain Contamination Frequency

The percentage of grains infected (incidence) (Table 1) for
each location and storage months was recorded and
calculated [14].

2.3. Determination of Independent Variables Associated to
Fungal Incidence

Summary of incidence was presented for each independent
variable (Temperature, Relative Humidity, Storage Type and
Moisture Content) (Table 2) and variable classes (Table 3).
The association of incidence with independent variables after
six month storage period was analyzed by using logistic
regression with the SAS Procedure GENMOD [15-18].

2.4. Data Analysis

Data on fungal incidence of seed infection for samples
collected from different locations of the three zones and
storage months was subjected to simple descriptive analysis
and data were analyzed by using the SAS computer package,
version 9.3 [15]. Summary of incidence was presented for
each independent variable (Temperature, Relative Humidity,
Storage Type and Moisture Content) and variable classes.
The association of incidence with independent variables after
six month storage period was analyzed by using logistic
regression with the SAS Procedure GENMOD [15-18].
Incidence of fungal infection after six months of storage was
classified into distinct groups of binomial qualitative data.
Thus, class boundary of <95 and >95% were chosen for
incidence yielding a binary dependent variable.

The GENMOD procedure fits a generalized linear model
to the data with a maximum likelihood estimation of the
parameter. The logistic regression model allows evaluating
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the importance of multiple independent variables that affect
the response variable [19, 16]. A chi-square test is used to
examine the association between two categorical variables
(dependent and independent variables). The GENMOD
(generalized linear models) Procedure gives parameter
estimates and the standard error of the parameter estimates.
Exponentiating the parameter estimate yields the odds ratio
for comparing the effect based on a reference point, which is
interpreted here as the relative risk [16]. The importance of
the independent variables temperature of <22°C, 22-25°C
and >25°C, relative humidity of <60% and >60%, storage
type of home and magazine and moisture content of <13.5%
and >13.5% was evaluated in two ways. First, the association
of an independent variable alone with fungal incidence was
examined. In the other method, independent variables with
high association to the parameter were added to reduce
multiple variable models. The odds ratio was calculated to
show the strength of association between a predictor and the
response of interest.

2.5. Data Collected

Incidence of fungi (In): Incidence of fungal infection on
each sample was calculated by using the following formula:

Number of infected grains

In (%) = X 100

Total numbers of grain plated

3. Results and Discussions
3.1. Fungal Incidence Across Locations and Storage Month

The fungal contamination of samples indicated that highest
incidence was observed at West Arsi (96.98%) followed by
Bale (91.76%) and Arsi (86.43%), (Table 1).

White also reported as the wheat production areas in
Ethiopia with the lower altitude limit is roughly 2000 m.a.s.1,
the present agro-climatological constraint on wheat area is
not lack of rainfall but warm temperatures. Increasing
temperatures by 1°C decreased wheat yields by 130 kg/ha,
whereas an increase of 2°C reduced wheat yields by 270
kg/ha [20]. In terms of wheat cropping and ignoring year-to

year variation, the Ethiopian highlands (to which the wheat
crop is so well-adapted) represent a relatively humid
environment. Growing wheat under warmer conditions might
require cultivars with greater heat tolerance as well as
resistance to pathogens that prevail under warmer conditions
[20]. The result indicating incidence of storage fungi varied
with the relative altitude, humidity, temperature and months
of the storage during the study period (Table 1).

In addition fungal contamination also varied with storage
period with the highest incidence of (98.62%) followed by
(89.78%) and (86.77%) was observed after six months, upon
harvest and three months of storage, respectively (Table 1)
and incidence decreased from upon harvest to the first three
months of storage and then increased after the second three
months of storage. Fungal contamination of stored wheat
varied with storage duration and an increasing trend of
percentage incidence of different fungi of wheat seeds was
also recorded as the storage period prolonged from three
months of storage period to six months of storage.

This result agrees with findings reported by Habib; who
reported that the incidence of different groups of storage
fungi boasted from the beginning of storage to the end of 180
days of storage [21]. The decreased percentage incidence of
different fungi was recorded from upon harvest to the first
three months of storage (after 90 days), which was
resemblance with the result of Habib. Infection of fungi
increased with the increase in storage time and the
percentage of fungal infection start decreasing after longer
storage period (after 120 days). This may be due to the
exhaustion of nutrients or the accumulation of toxic
metabolites produced by the fungi themselves [22]. The
current study confirms similar result of previous work of
Dudoiu that reported after 60 days of storage, the percent of
the field fungi, respectively species of Alternaria and
Cladosporium decreased, and the development of stored
grain specific fungi such as Fusarium spp., Aspergillus spp.
and Sclerotinia sclerotiorum. Gradually, over a storage
period of 90 days, the grains’ micoflora enriched by the
incidence and growth of the phytopathogen fungi, due to
storage conditions like high atmospheric humidity [23].

Table 1. Incidence of Fungi on Wheat Grains across Locations and Storage Months.

Incidence (%)

Variable Variable Class N - — Std Dev Std Error
Maximum Minimum Mean

W. Arsi 180 100 60 96.98 7.23 0.54
Zone Arsi 180 100 12 86.43 18.80 1.40

Bale 180 100 40 91.76 13.61 1.01

0 180 100 12 89.78 15.89 1.18
Storage month 3 180 100 12 86.77 17.33 1.29

6 180 100 74 98.62 4.19 0.31

N, number of samples in the three rounds; 0, period of time before storage; 3, three months after storage; 6, six months after storage; W. Arsi, West Arsi;

3.2. Association of Fungal Incidence with Independent
Variables

Fungal incidence after six months of wheat storage in
Southeast Ethiopia was significantly associated (p<0.05)
with two of the independent variables, namely, temperature

and relative humidity of the storage in the logistic regression
model (Table 2). However, there is no significant association
(p<0.05) with grain moisture content of (<13.5%
and >13.5%) and storage type of wheat seed (home and
magazine).
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The likelihood ratio test showed that the associations of
the temperature and relative humidity of storage with fungal
incidence of wheat seed after six months of storage were the
highest as evidenced by higher deviance reductions and x*
value with the corresponding P-Value (Pr>x%). These
variables had significant contributions to epidemics of the
storage fungi with varying levels alone or in combination.
The model quantified the relative importance of independent
variables implying that fungal incidence was the function of
these variables, which means that some of the variables were
more important causes for the decrease or increase in fungal
incidence than others. However, some variables were
confounded by the effect of other variables, which are
important to fungal development or reduction. The model is
widely applied to analyze both qualitative and quantitative
data generated from different agro-ecologies, storage types,
moisture condition of grains and storage conditions attributes
towards fungi and mode of transmission to identify factors
that promote or reduce fungal development [24, 25, 18].

Table 2. Independent Variables Used in Logistic Regression Modeling of
Fungal Incidence and Likelihood Ratio Test for Independent Variables.

Fungal incidence after six month storage LRT>95%

Variable DF Deviance Pr>x*
Temperature 2 7.93 0.019
Relative Humidity 1 5.59 0.018
Storage Type 1 0.83 0.363
Moisture Content 1 0.19 0.6646

DF, degrees of freedom; Pr, Probability of a x*-value exceeding the
deviance; LRT, likelihood ratio test

Fungal incidence of <95% had a high probability of
association to low temperature (<22°C) and low relative
humidity (<60%) of storage after six months of storage. On
the other hand, fungal incidence of >95% had a high
probability of association to moderate temperature (22-
25°C). There were about four times greater probabilities that
fungal incidence would exceed 95% when the temperature is

moderate (22°C to 25°C) as compared to high temperature
(>25°C). Similarly, there were about two times less
probabilities that fungal incidence would exceed 95% in the
both low temperature (22°C) and humidity (<60%) as
compared to high temperature (>25°C) and humidity (>60%)
at six months of storage period. However, there were seven
times lesser probabilities that fungal incidence at six months
of storage would exceed 95% in the low temperature of
storage as compared to mid temperature (Table 3).

Results of the current study agree Baloch, who reported
that deterioration of wheat grain is closely related to the
moisture content, which intron is influenced by temperature
and relative humidity of the storage structure [26]. The same
author also stated that at 14% moisture, wheat grain can be
safely stored for 2 to 3 months, and for longer periods of
storage (4-12 months) the moisture content must be reduced
to 13% or below. This result is also in agreement with the
result of Mannaa and Kim, who suggested that the optimum
temperature for fungal growth and mycotoxin production can
vary between 24 and 30°C depending on the fungal strain
and substrate type [27].

Niaz reported that the lowest number of fungi were obtained
in seeds with 8% moisture content followed by 12%, 16% and
20%, stored at 4°C and 25°C, and heavy fungal infections (98-
100%) were reported on maize seed after 30 days of storage
when moisture level was 20% at all temperatures (25°C, 35°C
and 40°C) [22]. These results suggested that the 8% moisture
and 4°C, 25°C temperatures would be better for the storage of
maize seeds to reduce the chances of mold growth and
mycotoxin production. Muthomi and Narla also reported that
the pathogens require humid condition for survival in the
storage and also indicated that temperature and relative
humidity as the two major factors influencing pathogen
survival [28]. According to Conkova, fungal growth and
mycotoxin production in cereals is influenced by various
factors, especially temperature and humidity, play a very
important role in this process [6].

Table 3. Analysis of deviance, natural logarithms of odds ratios, parameter estimate and standard error of added variables in logistic regression model

analyzing fungal incidence after six months storage period of wheat seed.

Fungal incidence after six month storage

Variable " DF variable classes parameter estimate* Standard error odds ratios
Intercept 2.35 0.3568 10.49
Temperature 2 <22 -0.69 0.3935 0.5

22-25 1.24 0.4392 3.46

>25 0.00* 0.00° 1
Relative Humidity 1 <60 -0.86 0.3637 0.42

>60 0.00° 0.00° 1

“Reference group; DF, degrees of freedom;
"Variables are added into the model in order of presentation in the table.
*Estimates are from the model with all independent variables added.

4. Conclusion and Recommendation

Bread wheat (Triticum aestivum L.) is one of the most
important cereal crops in Ethiopia. It is widely grown in most
regions of Ethiopia. However, its production is affected by
abiotic and biotic factors. Among the biotic stresses, diseases

caused by seed borne fungal agents or storage fungi, are
among the main factors reducing yield and quality of wheat.
Despite its importance, storage fungi has been one of the
most poorly understood pathosystems in Ethiopia. As a result,
the present study was conducted to determine major factors
those contribute to fungal contamination of wheat grains
under storage conditionsin major wheat growing zones to
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have a complete picture on the importance of the major
factors those contribute for fungal contamination of storage
wheat in the country. The major objective of the study was to
contribute towards improved wheat production in Ethiopia
through effective and sustainable management of storage
fungi in the country.

Fungal contamination also varied with storage period with
the highest incidence (98.62%) followed by (89.78%) and
(86.77%) was observed after six months of storage, upon
harvest and three months of storage, respectively.

Understanding fungal epidemiology as affected by
different variables is useful to design sustainable
management strategies. The present study identified that the
pathogen was influenced by temperature and relative
humidity in wheat storages, and confirmed that these
variables should be considered in developing management
strategies against storage fungi. According to current findings,
fungal contamination of wheat grains increased with storage
duration and was the highest after six months of storage
period. This might be due to invasion of stored grains by
inocula from previously stored contaminated grains. In
addition, foreign materials may restrict air movement through
the grain mass leading to rise in temperature and moisture,
which may favor storage mold development. High moisture
content of stored grains and availability of free moisture in
storage structures are also contributing factors to increased
fungal infection during storage. Therefore, grains should be
dried to safe moisture contents as quickly as possible after
harvest, and storage structures should be well aerated to
avoid excessive humidity and temperature buildup. Stored
seeds and grains should also be checked on a regular basis to
take necessary measures.
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