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EFFECTS OF FORAGE LEGUME INTERCROPPING AND FERTILIZER
APPLICATION ON FUNGAL CONTAMINATION OF MAIZE (Zea mays)
GRAIN IN DORABAFANA WOREDA OF SIDAMA REGION
ASMAMAW SISAY ASCHENAKI (BSc).

ADVISOR: HIRUT TSEGAYE (PhD)

ABSTRACT

Maize (Zea mays) is one of the most important cereal crops grown throughout the world. It
serves as staple food for millions of people and a source of feed for animals. The crop gives
365 Kcal of energy per 100 g of grain. However, maize is reported as the most susceptible
crop to fungi contamination. Hence, management of grain contaminating fungi is vital to
ensure sustainable and safe food and feed production. In the present study, a field
experiment was conducted to evaluate the effects of forage legume intercropping and
fertilizer application on fungi contamination of maize grains. The experiment was done
using a randomized complete block Design with 10 treatments replicate trice. The
experiment employed factorial combinations of five cropping systems and two fertilizer (with
ad without) application. Isolation and identification of fungi from the maize grain and soil
was done. A total of 6 fungal genera consisting of 12 species were isolated and identified by
their morphological characteristics. Fusarium species were the most frequently isolate,
followed by Aspergillus and Pencilium spp. Both forage legume intercropping and fertilizer
application significantly reduced the frequency of grain contaminating fungi. The frequency
of fungi contamination observed to reduce from 17.66 to 8.66 % in case of Fusarium
verticillioides when intercropped with cowpea in double rows. Similarly, when fertilizer is
applied, the frequency of Fusarium verticillioides was reduced from 14.6 to 9.0 %. The
population density (CFUg™) of Aspergillus, Fusarium, Penicilliu, Mucor and Trichoderama
species in the soil were significantly reduced when maize was intercropped with forage
legume. The finding revealed that intercropping of maize with forage legume and
application of fertilizer highly reduce maize grain contaminating fungi.

Key words: Maize grain, forage legumes intercropping, fertilizer and fungal frequency
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1. INTRODUCTION

1.1. Background

Maize (Zea mays L.) belongs to family poaceae (Graminae) (Park, 2001; Wani et al., 2014).
Maize is one of the most important cereal crops grown throughout the world over a wide
range of environmental conditions. The crop has the potential to produce a great amount of
dry matter per hectare (ha) and it is widely grown because of its easiness of cultivation,
adaptability to different agro-ecological zones, versatile food uses and storage characteristics
(Shiferaw et al., 2011). Maize plays an important role in the diet of millions of people; which
supplies an energy density of 365 Kcal per 100 g, contains about 72 % starch, 10 % protein
and 4 % fat (Ranum et al., 2014). Maize is also extensively used for animal feed, and it can
be processed into a number of industrial products including starch, sweeteners, oil,
beverages, glue, industrial alcohol and fuel ethanol (Shiferaw et al., 2011; Ranum et al.,
2014).

Maize has a success story to become a strategic food security crop, widely produced and
consumed by smallholder farmers of Ethiopia (Abate et al., 2015). Maize is the leading
cereal crops in terms of production in Ethiopia, with 9.6 million tons produced in 2019/2020
on 2.27 million hectares of land. The national average yield of maize is estimated at 4.23
t/ha and approximately 88% of maize produced in Ethiopia is consumed as food, both as
green and dry grain (CSA, 2020). According to Abate et al. (2015) more than eight million
farmers were producing maize in Ethiopia in 2015/2016 and more than 95 percent of the
total maize area and production in the country is covered by smallholder farmers. For
smallholder farmers in maize-based systems, maize is directly associated with their food
security.

Data on crop and livestock product utilization collected in 2017/2018 as part of the
Agricultural Sample Survey (CSA, 2017), show that up to 76 percent of maize grain

1



produced was consumed at home on average, with sales representing only 12 percent of
production.

Despite the impressive development of maize production in the last two decades, average
yield in Ethiopia for the period 2015-2018 (3.6 tons/ha) was still lower than the world’s
average for the same period (5.8 tons/ha) according to (FAO, 2020). A significant portion of
this yield gap is attributable to biotic and abiotic stresses (Worku et al., 2012). Keno et al.
(2018) point out that some of the main abiotic factors affecting maize production and
productivity are drought, heat, soil acidity, frost and poor soil fertility mainly in N and P.
Biotic stresses hindering maize production in Ethiopia include several diseases (e.g., Grey
Leaf Spot, Common Leaf Rust, Maize Streak Virus), parasitic weeds (mainly Striga
hermonthica) and insect pests such as the maize stem-borer, maize weevils and the newly
emerged fall armyworm (Keno et al., 2018).

Fungi are ubiquitous and diverse, inhabiting various environments including agricultural
soils and the crops grown on them (Stajich et al., 2009). Fungi can contaminate, invade and
colonize crops on the field during pre-harvest stages and can remain present during the post-
harvest processing stages. Depending on the processing steps, these fungi may later spoil
foods during storage or in households or markets when storage conditions are sub-optimal
and climatic conditions are favorable for their growth (Prange et al., 2005; Taniwaki et al.,
2018). Thus, fungal contamination and colonization of crops could directly lead to pre- and
post-harvest food losses, mycotoxin contamination and indirectly to public health risks from
consumption of mycotoxin-contaminated foods (Avery et al., 2019). Additionally, soil could
serve as a reservoir for pathogenic fungi, constituting public health hazards to farmers who
spend much of their time on farms and have direct contact with agricultural soils. On the

positive side, beneficial fungi, including biological control strains and species of industrial



relevance, are also present in agricultural soils. (Donner et al., 2009; Bandyopadhyay et al.,
2016).

Maize-legume intercropping has enough potential in the form of more yields from limited
resource, proper utilization of resources, and restoration of soil fertility, efficient pest
management and creation of above and below ground diversity. In the moisture stress or
resource poor conditions, intercropping provides natural insurance against crop failure
caused by biotic and abiotic factors and thus ascertains economic stability of small holders
(Sagar et al., 2020)

1.2. Statement of the Problem

Maize grains are widely considered the most susceptible of major cereal crops to grain
contaminating fungi than other cereal crops. It can be contaminated with various mycotoxin-
producing fungi species that belong to the genera Aspergillus, Penicillium, Fusarium,
Alternaria, and Calviceps (Jones and Toal, 2003). In Ethiopia several fungal species have
been isolated from the maize grain Such as Aspergillus spp, Fusarium spp. and Penicillium

species (Girma et al., 2009; Chauhan et al., 2016).

Grains contaminated by toxigenic fungus can lead to reduced grain quality, crop yield,
reduction of nutritional value, and mycotoxin production. Exposure to grain contaminating
by mycotoxigenic fungal leads to the health risk that has been associated with liver cancer,
growth retardation and stunting in children, suppression of the immune system, esophageal
cancer, and neural tube defect leading to abortion (Strosnider et al., 2006; Okoth et al.,
2012). The management of maize grain contaminating fungal is vital towards ensuring
sustainable, safe food and feed production. Pre-harvest management of fungi are considered
the most important mitigating strategies which include the resistant cultivars, use of micro-
organisms or biological, fungicides control, management of moisture stress, intercropping

system and the management of soil fertility



Intercropping systems and fertilizer application are an effective strategy for managing maize
ear rots. Intercropping contributes to soil health improvement via nitrogen fixation,
improved organic matter content, and conservation of soil moisture, resulting in improved
grain yield (Khan and Pickett, 2004). Cropping system reduced the incidence of maize ear
rots and associated mycotoxins through effective stem-borer and FAW management (Njeru
et al, 2020). Fertilizer is one of the most important sources of plant nutrition. Crops may be
suffering from a shortage of some elements in soil, so providing nutrients such as fertilizer
helps to provide adequate nutrition for crops. Many studies have shown that inorganic
fertilizer; such as silicon, chloride, potassium and phosphates have the ability to fight
diseases (Fauteux et al., 2005; Deliopoulos et al., 2010). Maize is the most common crop
produced with legume intercropping in the study area.

In Ethiopia, resistant cultivars commonly grown for grain contaminating fungal in the
country are not known, use of micro-organisms or biological and fungicidal control are not
wide spread and need skill and resources. It is very important to develop more relevant
management strategy to smallholders who lack skill and financial resources to purchase
chemical pesticides and applied. Intercropping systems and fertilizer application are play a
great role to reduce ear rot incidence and fungal contamination frequency in maize grain by
controlling insect damage because insect damage is the most important factor that promotes
fungal contamination in maize. However, potential contribution of the forage legumes
intercropping and fertilizer application in management of fungal contamination of maize
grain infections has not been studied in study area. Therefore this study is designed for the

following objective.



1.3. Objectives
1.3.1. General objective
e To evaluate effects of forage legume intercropping and fertilizer application on fungi
contamination of maize grain in Dore Bafano Woreda, Sidama Region.
1.3.2. Specific objectives
e To determine the effect of maize-forage legume intercropping and fertilizer
application on grain contamination and fungal population in the soil.
e To determine the interaction effect of maize-forage legume intercropping and

fertilizer application on grain contamination and fungal population in the soil.



2. LITERATURE REVIEW

2.1. Production of Maize

Maize is the critical staple food for millions of people across the African continent. It has a
good nutritional value and is one of the main sources of calories (Abebe et al., 2009). It is
considered to be the cheapest source of calorie intake in the Ethiopia, providing 20.6% of
per capita calorie intake nationally (IFPRI, 2010). Maize is grown virtually in all of Africa,
predominantly by smallholder farmers (Guilpart et al., 2017). In 2018, the highest maize
producers in Africa were South Africa, Nigeria, Ethiopia, Egypt, and Tanzania, with 12.5,
10.2, 7.4, 7.3, 71 and 6.0 million tons, respectively (Logrieco et al., 2021). It becomes an
important livestock feed ingredient. For example, in Nigeria, about 2 million tons of maize
are used by the poultry sector alone. However, maize production in the African continent
faces serious challenges preventing it from reaching its maximum potential (Guilpart et al.,
2017).

Both the productivity and the safety of maize grown in Africa is threatened by climate
change (Medina et al., 2017) and diverse mycotoxins, most importantly aflatoxins and
fumonisins (Ezekiel et al., 2019). Frequently contaminate maize grain throughout the value
chain and this is driven by both agronomic and climatic challenges. In addition, sociological
and institutional challenges in the continent also contribute to mycotoxin contamination
(Ezekiel et al., 2019). Large numbers of scientific papers continuously report single or
multiple mycotoxins contaminating maize produced across in Africa (Mahuku et al., 2019;
Misihairabgwi et al., 2019).

2.2. Mycotoxins

Myecotoxins are secondary fungal metabolites that contaminate agricultural commodities and
can cause sickness or death in humans and animals. Risk of mycotoxin contamination of

food and feed in Africa is increased due to environmental, agronomic and socio-economic
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factors. Environmental conditions especially high humidity and temperature favors fungal
proliferation. Farming practices in Africa sustain fungal and toxin contamination of food and
feed. The socio-economic and food security status of the majority of inhabitants of sub-
Saharan Africa leaves them little option in choosing good quality products (Hell et al., 2010).
There are four types of mycotoxins that consistently affect maize and the animals that
consume it; these are aflatoxins, deoxynivalenol and its derivatives, fumonisins, and
zearalenone (Munkvold et al. 2019). The fungi that produce them primarily, Aspergillus
flavus, Fusarium graminearum and Fusarium verticillioides. Although there are dozens of
other mycotoxins and toxigenic fungal species in maize.

Several reports indicated that mycotoxins are common contaminants of stored maize in Sub-
Saharan Africa (Kimanya et al., 2008; Probst et al., 2014). Because of the traditional post-
harvest practices and the prevailing environmental conditions in Ethiopia, the risk of maize
grain contamination is expected to be high. Still, available information regarding
occurrences of mycotoxins in maize produced in the country is fragmented: they vary in age
of grain (duration from harvest to sampling), targeted stage of production and supply chain
for sampling, coverage of high producing areas, or number and type of mycotoxins
investigated (Chauhan et al., 2016; Getachew et al., 2017; Tsehaye et al., 2017).

2.3. Maize Ear Rots

Maize ear rots are fungal infections with distinct discolorations and infection route that affect
several plant parts including: roots, stalks and ears in the field (White, 2000). Infected maize
ears are deleterious due to mycotoxin contamination, but on appearance are mainly
manifested as deterioration, on weight, taste and nutritional value. This invites stringency in
phyto-sanitary regulations thus reducing trade in cereals (Dohlman, 2003). Different types
of ear rots exist, but those of agricultural importance are mainly: Gibberella, Fusarium,

Aspergillus and Penicillium spp. (Xiang et al., 2010) and Diplodia (Bigirwa et al., 2007). In



Ethiopia, also Aspergillus, Cladosporium, Drechslera, Fusarium and Penicillium spp. are
identified from maize grain (Tsedaly and Adugna, 2016; Garbaba et al., 2018)

2.3.1. Fusarium and Gibberella ear rot

Fusarium species may cause seedling blight, root rots, stalk rots, ear and kernel rot on maize
(Leyva-Madrigal et al., 2015). Two types of ear rot in maize are caused by different
Fusarium species. These are recognized as Gibberella ear rot, also referred to as red ear rot,
and Fusarium ear rot (pink ear rot) (Mesterhazy et al., 2012; Das, 2014 ). Fusarium ear rot
disease is recognized by white to light-pink cottony mycelium growth on kernels, and the
ear rot occurs on ear tips or as random individual kernels or groups of kernels in scattered
areas on the maize ear (Logrieco et al., 2002; Munkvold, 2003). Infected kernels also exhibit
white streaks, known as “starburst” symptom, radiating from top of kernels (Das, 2014).
Reddish mold growth, starting from the ear tip and eventually cover large portion of the ear,
is a typical symptom of Gibberella ear rot. Blue-black perithecia of the telemorph, G. zeae
can be observed on infected husks and ear shanks (Das, 2014).

Fusarium ear rot is predominantly caused by F. verticillioides (Sacc.) Nirenberg. Fusarium
proliferatum (Matsush.) Nirenberg, and F. subglutinans (Wollenw. & Reinking) P.E.
Nelson, Toussoun, & Marasas have also been associated with Fusarium ear rot (Logrieco et
al., 2002; Munkvold, 2003). Gibberella ear rot is mainly caused by F. graminearum
(Schwabe), but it may also be caused by other Fusarium species including F. culmorum
(Wm.G. Sm.) Sacc., F. cerealis (Cooke) Sacc. and F. avenaceum (Fr.) Sacc. (Munkvold,
2003; Mesterhazy et al., 2012).

Infection of maize by Fusarium species may result in premature death of plants, by
interfering with the translocation of water and nutrients to upper plant parts, causing yield
losses and reduce grain quality (Williams et al., 2007; Presello et al., 2008). The main

concern associated with maize ear rot diseases is that some Fusarium species produce



secondary metabolites known as mycotoxins, which render the grain inedible or toxic to
humans and domestic animals (Waskiewicz et al., 2012a; Marin et al., 2013). Colonization
of maize grains by Fusarium ear rot fungi may result in contamination of grains with high
level of fumonisins, as well as lower levels of fusarins, fusaric acid, moniliformin and
beauvericin, depending on the species involved (Brown et al., 2012; Darnetty and Salleh,
2013). Gibberella ear rot disease may lead to contamination with deoxynivalenol, nivalenol
and zearalenone (Logrieco et al., 2002; Mesterhazy et al., 2012). Some data suggested that
over 25 % of the world’s food crops are affected by mycotoxin contamination each year,
with Fusarium species playing the significant role for food contamination (FAO, 2013).
2.3.2. Aspergillus ear rot

Colonization of maize by Aspergillus spp. is a major challenge in maize production due to
aflatoxin contamination (Wagacha & Muthomi, 2008). Aspergillus species are ubiquitous in
the environment such as soil, air and debris and are widely distributed in tropical and sub-
tropical environments (Klich, 2002).They grow as saprophytes in the soil which serves as
the main reservoir of their propagules and as a source of primary inocula (Scheidegger and
Payne, 2003). Black or greenish-yellow or tan growth on and between kernels characterize
the infection with Aspergillus niger and A. flavus. The rot begins to appear at the tip of the
ear and many follow along the tracks by ear worms. The kernels become light in weight,
shrunken and uneconomic (Jacobsen, 2007 and Palencia et al., 2010).

An important challenge for maize production is contamination with aflatoxin, which poses
negative health effect to humans and animals and causes huge economic losses (Okoth et
al., 2012). Aflatoxins are toxic secondary metabolites produced by several Aspergillus spp.
Aflatoxins have been associated with stunted growth in children, immune-system
suppression, cancer and even death in humans (Strosnider et al., 2006). In animals, aflatoxin

contaminated feeds have been associated with aflatoxicosis, impaired growth,



immunosuppression, liver and kidney tumors in rodents and reduced quality of milk and
milk products because of the presence of aflatoxin M1, a derivative of aflatoxin Bl
(Lizé&rraga-Paulin et al., 2011).

2.3.3. Penicillium spp.

The toxins produced by Penicillium spp. can affect the liver and kidney function in humans
or animals (Peterson et al., 1999; Scott, 2004). Mycotoxins such as:-Ochratoxin and Citrinin
commonly produced by Pencillium (Peterson et al., 1999; Lund and Frisvad, 2003). Toxins
were reported in freshly harvested maize samples as well as in stored maize (Mansfield et
al., 2008). Penicillium spp. invade particularly on ears injured mechanically or by corn
earworms, European corn borers and blue-eye mold occurs in stored corn with high moisture
content and blue eye damage is characterized by a blue-green discoloration in the germ area.
The discoloration results when Penicillium fungi invade the germ area through the tip of the
kernel and the damage usually occurs at the tip of the ear (Wagacha and Muthomi, 2008).

Pencillium were reported from stored maize (Njobeh et al., 2009)

2.4. Factors Affecting Grain Contaminations by Fungi
Factors such as high temperatures and moisture, insect damage, drought stress and delayed
harvesting predispose maize to contaminating by Fusarium, Aspergillus and Penicillium spp.

(Miller, 2001; Atanda et al., 2011).

2.4.1. Insect damage

Kernels wounded by insect feeding are susceptible to contamination of Fusarium, Asperiglus
and Penicillium spp (Cao et al., 2014; Njeru et al., 2020). Insects serve as vectors,
transferring inoculum between plants or causing wounds and enabling entry of the fungus in
to the plant. Experiments have shown positive correlation between insect damage and cob

rots with reporting an increased F. verticillioides incidence in maize from Buseola fusca
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infestation (Bakan, et al., 2002; Ncube et al., 2017). Because insects feeding on maize ears
either act as vectors of ear rot fungi or open the ear to fungal inoculum dispersed by raindrops
and wind (Mays, 2015).

A variety of insect species has been reported as agents in the dispersal of grain contamination
fungi. Some of the most frequently reported insect pests in this regard are the maize stem
borers (Ostrinia nubilalis and Sesamia nonagrioides) (Fandohan et al., 2003; Folcher et al.,
2009), Angoumois grain moth (Sitotroga cerealella) (Cao et al., 2014), thrips (Frankliniella
occidentalis) (Parsons and Munkvold 2010) and fall arm worm (Spodoptera frugiperda)
((Montezano et al., 2018).

2.4.2. Temperature and moisture availability

Moisture and temperature conditions during the growing season, as well as during storage
are key environmental factors for growth of Fusarium, Aspergilus and Penicillium spp. as
grain contamination fungi (Waskiewicz et al., 2012b; Pitt et al., 2013). Aspragillus ear rot
is promoted by drought conditions, occurrence of cracks or silk-cuts on kernels, high
temperature range between 27 and 38°C and relative humidity (85%) during grain filling
(DuPioneer, 2010). ). Kernel integrity can also be compromised by water stress resulting
into silk-cut at silking stage. For instance, hot and dry weather which increase soil and air
temperature (>28°C) was found to be favorable for occurrence of Fusarium ear rot (Jurado
et al., 2008).

Maize genotypes, several morphological and genetic are other factors have been reported
as important factory to ear rot and fumonisin contamination. Maize genotypes with good
husk cover exhibit less fumonisins (Cao et al., 2014); husk leaves that extend beyond the ear
tip and adhere tightly to the developing ear excludes insects that facilitate fungal infection

(Butrén et al., 2006). An exposed ear may be more vulnerable to ear rot than one ear enclosed
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in the husk. The open-tip husked maize variety is also a source of exposure to Aspergillus
fungal spores (Manozo et al., 2017).

2.5. Management of Fungi Contaminating Maize Grains

A number of pre- and post-harvest measures have been advanced to manage ear rots and
mycotoxin contamination in grain crops (Hell et al., 2008), since ear rot attacks begin in the
field, pre-harvest measures can ensure achievement of good yields and grain quality in terms
of mycotoxin reduction (Munkvold, 2003). Generally, factors including fungal taxon,
humidity, rainfall, insect damage, drought, irrigation and maize germplasm influence
incidence of maize ear rots in the field (Parsons, 2008). Pre-harvest management is
considered the most important in limiting the overall contamination of crops. Therefore, the
use of tolerant varieties, optimal plant production, cultural practices, chemical control,
fertilizer application, intercropping and the management of myco-toxigenic fungi by non-
toxigenic strains or/and bacteria could further reduce fungal incidence and subsequent
mycotoxin contamination (Hell et al., 2010).

2.5.1. Resistant variety

Diallel analyzed to determine the general and specific combinability of resistant genotypes
has been reported for Aspergillus and Fusarium, mostly performed on maize ( Henery, et
al., 2009; Hung and Holland, 2012) and wheat (Mardi, et.al, 2004; Malla, et al., 2010). The
response of an inbred line to F. verticillioides and fumonisin and the corresponding General
combine in hybrids, was significantly correlated. This indicates that an efficient way to
improve resistance to F. verticillioides and fumonisin in maize hybrids, specifically, is to
first evaluate and select resistant inbred lines that can be used to develop resistant hybrids
(Hung and Holland, 2012). This was also demonstrated for breeding resistance to Fusarium

head blight of wheat (Mardi, et al., 2004).
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Inbred lines with resistance to aflatoxin contamination were evaluated for General
Combining Ability and specific Combining Ability for resistance to fumonisin
accumulation, and two lines with resistance to fumonisin and aflatoxin were registered
(Henery, et al., 2009). That research demonstrated the ability to breed resistance to multiple
mycotoxigenic fungi and/or their mycotoxins. Furthermore, improved resistance to F.
verticillioides and fumonisin in inbred lines derived from cross-pollination of resistant and
elite maize lines has been demonstrated (Eller, et al. 2010). The subsequent hybrids
produced from the crossing of improved lines with elite lines, however, did not demonstrate
an improved activity against Fusarium ear rot and fumonisin accumulation, and although
some improved lines performed well as an inbred line and as a component of a hybrid
(Mardi, et al., 2004).

Genetically modified crops are plants of which the DNA has been altered through the
introduction of a foreign gene to express a trait not inherent to the modified plant. Three
transgene- mediated strategies have been proposed for the management of mycotoxigenic
fungi and mycotoxins in maize (Duvick, 2001). These include (1) the reduction of fungal
infection, (2) the degradation of mycotoxins and (3) interfering with the mycotoxin
biosynthetic pathway. To reduce infection by the fungus, the incorporation of antifungal
and/or resistance genes, as well as the overexpression of defense-related genes, is required.
The best-known example of using genetically modified maize for reducing Fusarium ear rot
and fumonisin contamination of grain is Bacillus thuringienisis maize (Abbes, et al., 2013).
This is due to the close association between kernel damage by insects and infection by F.
verticillioides (Munkvold, 2003a). Bacillus thuringienisis maize plants that prevent insect

damage, therefore, also reduce fumonisin contamination of maize grain (Abbes, etal., 2013).
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2.5.2. Fungicides

Although some progress has been observed in the management of the ear rot causing fungi
by use of fungicides. Application of fungicides has been evaluated in several previous
studies. For example, Haidukowski et al. (2005) reported up to 77% disease severity
reduction of FHB caused by Fusarium graminearum and Fusarium culmorum in wheat and
up to 89% subsequent reduction in Deoxynivalenol accumulation in the grains by treatment
with different fungicides, cyproconazole, prochloraz, tebuconazole and azoxystrobin under
field conditions. However, Simpson et al. (2001) reported differential effects of different
fungicide applications on the causal agents of FHB and Deoxynivalenol production in field
trials. In that study, treatment with tebuconazole reduced the populations of F. culmorum
and Fusarium avenaceum.

2.5.3. Biological control

Biological control is a sustainable solution for plant disease control, since its effect is long-
term with few undesirable side effects compared to other pest control options (Vinale et al.,
2008). Several fungal and bacterial strains have been identified as biological control agents
of plant pathogens. Bacterial strains belonging to Bacillus, Agrobacterium, Pseudomonas
and Streptomyces and fungi in the genera Trichoderma and Gliocladium are widely used bio
control agents for the control of plant pathogens (Vinale et al., 2008; Pereira et al., 2010).
The antagonistic effects of fungal and bacterial strains against plant pathogenic fungi are
through several mechanisms, including production of volatile and non-volatile antibiotics to
suppress target pathogens, competition for space and nutrients, hyper parasitism and
production of lytic enzymes that result in killing of the pathogen (Howell, 2003; Vinale et
al., 2008). Trichoderma species, bacterial strains such as Bacillus amyloliquefaciens and
Enterobacter hormaechei have been observed to provide good control of F. verticilloides

(Pereira et al., 2010).
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Another study on biological control has been reported by (Cotty, 2006) when the spore
number of non-toxigenic strains in the soil is high, they will compete with other strains, both
toxigenic and non-toxigenic, for the infection sites and essential nutrients needed for growth.
Moreover, soil inoculation with non-toxigenic strains has a carryover effect, which protects
crops from contamination during storage (Dorner and Cole, 2002; Atehnkeng, et al., 2014)
2.5.4. Cultural pre-harvest management

Field management before planting is very critical for the control of fungal grain
contamination. This includes deep plowing to remove debris of the previous crop plants that
could harbor inoculum and crop rotation with non-host plants for fungi to prevent inoculum
build-up in the field (Aldred and Mgan, 2004). After planting, good field management
practices and stress-free conditions will help in reducing the possibility of the establishment
of grain contaminating fungal populations by facilitating the growth of healthy plants. Proper
irrigation timing can avoid drought stress, thereby reducing susceptibility of plants to fungal
contamination. Further, proper fertilization is important for improving plant health and
vigor, and sustaining its resistance (Park et al., 1999; Aldred and Magan, 2004). Moreover,
weed and insect controls are critical factors for grain contamination fungal in the field.
Insects are known to enhance fungal infection by dissemination of fungal inocula and
rendering grains more susceptible to fungal infection by inflicting physical damage (Dowd,
2003).

2.5.4.1. Intercropping with forage legume

In intercropping system, two or more crop species are cultivated which creates complexity
in food and habitat of pests. Further, intercropping of maize with legumes is known to
increase population of beneficial insects and decrease the population of bud worm, corn
borer, leaf hopper and maize stalk borer (Seron and Brintha, 2010; Kinama and Pierre, 2010).

The population of beneficial insects such as parasites and predators are enhanced in poly-
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culture due to diversity of crops (Maitra et al., 2019) and presence of harmful pests may
remain below the economic threshold level.

Inter-crops can reduce pest damage by (i) improving soil health and promoting vigorous
plant growth, especially in the case of N-fixing intercrops or those that serve to ameliorate
the field microclimate (Sida et al., 2018b), (ii) inhibiting movement of larvae among plants
(Van Huis, 1981), (iii) preventing female moths from laying eggs, through visual or chemical
disruption (Khan et al., 2010), and (iv) providing habitat for natural enemies (Midega et al.,
2006)

The incidence of F. verticillioides F. subglutinans and Fusarium giraminreaiumn reduced
in maize grown under the push-pull cropping system compared to maize grown as a mono-
cropping system (Owuor et al., 2018; Njeru et al., 2020) and a lower incidence was revealed
under the Push-pull cropping system than mono-cropping system. The reduction of
Fusarium, Aspergillus, Penicillium and other species under the forage legume intercropping
system could be caused by the reduction of inocula entry as a result of reduced insect damage
(Njeru et al., 2020). Ear rot fungi mainly gain entry into maize kernels through wounds
caused by insect infestation or systemically from the soil through the stalk (Mesterhazy et
al., 2012; Cao et al., 2014).

A variety of insect species has been reported as agents in the dispersal of fungal and increase
of mycotoxin contamination. Some of the most frequently reported insect pests in this regard
are the maize stem borers (Ostrinia nubilalis and Sesamia nonagrioides) (Fandohan et al.
2004; Folcher et al. 2009). The incidence of damage by the FAW and maize stalk borer pests
reduced under the push—pull cropping system than mono cropping (Midega et al., 2018;
Njeru et al., 2020), that contribute to reductions in fungi grain contamination in maize. The
management of insect pest by intercropping maize with non-host plants such as legumes or

other crop is common in Africa (Schulthess et al., 2004), it reduced stem borer infestations
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by up to 80% (Schulthess et al., 2004; Chabi-Olaye et al., 2005b). Maize + lablab intercrops
reduce stem borer populations compared with sole cultures (Maluleke et al., 2005; Jiang et
al., 2006). Similarly, maize with beans at ratios of 1:1 to 2:1 significantly decreased stem
borer population densities compared to pure maize stands (Difabachew and John, 2010).

In addition, legumes use as a catch crop can reduce nitrate and K leaching (Askegaard and
Eriksen, 2008), and act not only as a N2 fixing crop but also as a catch crop by taking up
additional soil minerals N,P, and K (Flores-sanchez et al., 2013). These findings make
legumes an important tool in the cropping systems where N and K are the major yield
limiting factors (Flores-sanchez et al., 2013). Rusinamhodzi et.al. (2012) reports that
deficiencies of micro nutrients such as Zinc, molybdenum and boron in the field may bound
legume growth as well as limit nitrogen fixation. In a study, Vesterager et al. (2008) found
maize and cowpea intercropping as beneficial on nitrogen poor soil. Maize /cowpea
intercropping increases the amount of nitrogen, phosphorus, and potassium contents
associated to mono crop of maize (Dahmardeh et al., 2010).

2.5.4.2. Application of fertilizer

Nutrient supply plays an important role in plant growth and development. Fertilizer is one
of the most important sources of plant nutrition. Crops may be suffering from a shortage of
some elements in soil, so providing nutrients such as fertilizer helps to provide adequate
nutrition for crops. Many studies have shown that inorganic fertilizer; such as silicon, sulfur,
chloride, potassium and phosphates have the ability to fight diseases (Fauteux et al., 2005;

Deliopoulos et al., 2010).

Adequate supply of plant nutrition is one of the potential good agricultural practices against
Aspergillus flavus. Deficiency or excess of plant-available nitrogen and phosphorus can lead
to stress, increasing their susceptibility to being attacked by pests and pathogens (Mcmahon,

2012; Dolezal et al., 2014). Souza et al. (2016) revealed that non-application of nitrogen
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resulted in higher contamination of kernels by Fusarium sp., Penicillium sp. and yeast.
Similarly, the application of a low rate of nitrogen level increases the colonization of
Aspergillus species on maize kernel reported by (Mutiga et al., 2017). Blandino et al. (2008)
observed a significant increase in the incidence and severity of diseases with non-application
of nitrogen fertilizer. Inadequate soil nutrition can affect maize ear and kernel development,
which may in turn influence susceptibility to fungal colonization (Seebauer et al., 2004).
The application of sufficient N and P often speeds up the growth of maize seedlings and
roots, making the plant healthier and stronger against damage from weak pathogens. (Hubber
and Haneklaus, 2007; Zhao et al., 2009).

2.6. Population Density of Fungi in Soil Causative for Maize Ear Rot

Fungi are part of diverse living components of soil, with several of them living as
saprophytes and symbionts contributing to various soil services including structure
formation, organic decomposition, recycling of major elements (for example carbon,
nitrogen and phosphorus) and toxic removal (Aislabie and Deslippe, 2013). Pathogenic fungi
also exist as major causal agents of soil borne diseases affecting roots, stalks, leaves and ears
of various crops including maize (Shurtleff, 1980). Nevertheless, the presence of certain
non-pathogenic (mainly saprophytes) or pathogenic fungi on grains, soils and other
reservoirs are potential for grain contamination and mycotoxin production, especially
species in the Aspergillus Penicillium and Fusarium genera (Pereira et al., 2011).

In soil fungal ecology, cultural practices greatly encourage or discourage fungal distribution.
For instance, rotation of susceptible crops like wheat with maize together (Schaafsma et al.,
2005) increase contamination incidence. Addition of organic matter either by cultural
practice through minimum tillage, or application of organic amendments increases Aspergilli
propagules (Zablotowicz et al., 2007) while decreasing those of Fusarium in soil (Alakonya

et al., 2008).
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Reduced tillage and no tillage practices are increase the propagules of soil borne pathogens
by protecting the pathogen’s refuge in the residue from negative microbial interactions or
maintaining soil temperature appropriate to the spread of structures of pathogen population.
(Nesci et al., 2006). Intercropping maize with forage legume contributes to soil health
improvement which is potentially impactful on soil fungal community. The technology
improves organic matter content of the soil, nitrogen fixation, overall improvement in soil

macro- and micro arthropods and conservation of soil moisture (Khan et al., 2011)
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

This study was conducted during 2021 rainfall season in Dore Bafano district Sidama region

of Ethiopia. The district is located at 7° 03'11" N latitude and 38° 29' 59.99" E longitude, at

an altitude ranging from 1709-2300 meters above level. The area is characterized by a moist

to sub-humid warm subtropical climate. Annual precipitation ranges from 750 to 1200mm

in a bimodal distribution pattern, expected in March to April and June to August (Dessie and

Kleman, 2007). Maize is the common crop produced in the area and the experiment was

conducted during April-October, 2021G.C.

3.2. Treatments, Experimental Design and Procedures

The experiment consisted of factorial combinations of five cropping system and two

fertilizer (with and without fertilizer) application; which made 10 treatments,

No Treatments

T1 Maize alone without fertilizer

T2 Maize+ cowpea single row without fertilizer
T3 Maize + cowpea double rows without fertilizer
T4 Maize+ lablab single row without fertilizer
T5 Maize + lablab double rows without fertilizer
T6 Maize alone with fertilizer

T7 Maize+ cowpea single row with fertilizer

T8 Maize + cowpea double rows wit fertilizer
T9 Maize + lablab single row with fertilizer

T10 Maize + lablab double rows with fertilizer
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The experiment was arranged in a randomized complete block Design (RCBD) with three
replications. In all treatments maize was planted at inter and intra-row spacing of 75 cm and
25 cm, respectively. Cowpea double rows were planted in the space available between maize
rows at an inter-row spacing of 30 cm. While Lablab double rows were planted at an inter-
row spacing of 25cm between maize rows. In a single row intercropping plots both Lablab
and Cowpea were planted in equal middle line of two maize rows.

Each treatment was assigned to plots that were 4m long and 4m wide with 5 rows per plot.
The commonly used maize variety (limmu variety) in the study area was obtained from the
Dore Bafano Agriculture office. At the time of planting, two seeds were placed per planting
hole and two weeks after emergence, plants were thinned to one plant per hole. The treatment
with fertilizer were fertilized with 150kg/ha NPS Blended fertilizer (N 19%; P205 38%; S
7.5%) at planting and 100kg of urea (N 46%) was applied as top dressing one time, at 4
weeks after crop emergence. The time of planting, weeding and harvest were as per farmers'
practice.

3.4. Soil and Grain Sampling

When the maize plant reaches the physiological maturity stage. Soil samples were collected
from the top of the 4 cm layer of each plot. The soil was taken from five points, one from
the middle area and four from corners of each plot of treatments. Then the samples from the
plot were mixed in a paper bag to make a composite mixture (Owuor et al 2018). The
composite soil sample (0.25kg) was drawn and placed in a polyethylene bag, labeled, and
transported to Hawassa University plant protection laboratory. The samples were air-dried
under a cool area for 1 week. Finally, the samples were sieved through a standard sieve

(0.50mm opening) (Horn and Dorner, 1998) and stored under a cool area for further studies.

At the time of harvest, the three middle rows of ears were harvested together per plot and

replica. These samples were further dried in an open air to moisture level of 13% measured
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using moisture meter. Samples were then hand shelled and stored for fungal frequency
analysis.

3.5. Isolation of Fungi from Maize Grain Samples

Four hundred seeds of maize grain were randomly drown from each plot and taken to
Hawassa University plant protection laboratory for mycological analysis. Fungal frequency
were assessed by using the blotter technique method (ISTA, 2003). One hundred maize seed
from each plot were surface sterilized by soaking in 2.5% sodium-hypochlorite solution for
one minute and rinsed three times with sterile distilled water and dried in a laminar flow
cabinet and then plated directly on top of three layers of well-soaked sterile blotter paper.
Then the seeds were incubated at a temperature of (25°C) for 7-10 days. Infected and healthy
seeds were counted to calculate the proportion of seeds contaminated by fungal agents. The
fungi growing on seeds were observed under the stereomicroscope

Potato Dextrose Agar (PDA) was used as growth media for isolation of fungal pathogen.
Media were prepared by dissolving 39g of commercially formulated PDA powder in to one
liter of distilled water. The mixtures were boiled while stirring with a magnetic stirrer for 10
minutes to completely dissolve the powdered agar and then autoclaved at 121°C for 15
minutes to sterilize the media. The liquid media were maintained under aseptic condition
and allowed to cool to about 50°C, then 50 mg streptomycin was added to suppress bacterial
growth and poured into sterilized Petri-dishes inside laminar air flow. Then allowed to cool
and solidify. Fungal colonies were observed from maize grain transferred to PDA and
incubated at a temperature (25°C) for 5 - 7 days. Colonies of Fusarium spp. were also
transferred to synthetic nutrient agar and incubated at 25°C in alternating cycle of 12 hours
light and 12 hours darkness for 14 - 21 days to allow sporulation and the frequency of fungi

species was calculated based on the following formula.

no.of isolates of fungi species with in a sample

Fungi frequency (%) = x100

total no.of grain/ kerner of a samle
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3.6. Isolation of Fungi from Soil Samples

One gram of the fine sieved soil was mixed with 9 ml of sterile distilled water, mixed by
mechanical shaker for 3 minutes. The mixture of soil solution was serially diluted by mixing
1 ml aliquot in 9 ml sterile distilled water up to 10, One milliliter (1 ml) of 102 and 107
dilutions were pipetted into 20ml PDA media amended with antibiotics 50 mg
streptomycin/L was dispensed, swirled and allowed to set. Each plot soil dilution was
pipetted and the plates incubated for 3 — 5 days at a temperature (25°C). The number of each
fungi type growing on the media were counted immediately as colony-forming units per
plate.

Fungal colonies were sub-cultured on PDA incubated at a temperature of (25°C) for 3 - 7
days. Colonies of Fusarium spp. were also transferred to synthetic nutrient agar (SNA)
media and incubated at 25°C in alternating cycle of 12 hours light and 12 hours darkness for
14 - 21 days to allow sporulation and calculate colony forming units/gram of soil as follows

(Bollman et al., 2010):

CFU/ g_l _ Average count

= ——————x volume planted
dilution factory p

3.7. ldentification of Fungi

Identification was done based on microscopic morphological characteristics using the
manual (Dugan, 2006; Klich, 2007; Leslie and Summerell, 2006). Some of the
morphological features used for the identification of fungus included growth pattern and
diameter, the color of aerial mycelia, reverse colony color, macro-conidia presence and
micro-conidia presence or absence were observed. The mycelia were spread well on the slide
using the sterile needle and a coverslip gently placed with little pressure to eliminate air
bubbles. The slide was mounted on the microscope and observed with 10x and 40 xobjective

lenses.
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3.8. Data Analysis

Analyses of variances (ANOVA) for fungi frequency on maize grain and population density
in soil were analyzed by using the SAS (2002) version 9.0 procedure with GLM model.
Treatment means were separated at the 5% level of significant using of fishers protected
least significant difference (LSD) test.

3.9 Economic Analysis

Economic analysis was performed following the CIMMYT partial budget methodology
(CIMMYT, 1988). The mean grain and straw yield data was adjusted down by 10%. Total
costs that varied (seed and planting cost) for each treatment was calculated and treatments
were ranked in order of ascending total variable cost (TVC). A net return per hectare was
calculated by deducting cost of production per hectare from gross income per hectare.
Dominance analysis was executed to eliminate those treatments costing more but producing
a lower net benefit than the next lowest cost treatment. Marginal Rate of return (MRR) was
calculated for the non-dominated treatments. A treatment which is having an acceptable
MRR level (>100 %) and having the highest net benefit is said to be economically profitable

(CIMMYT, 1988)
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4. RESULT AND DISCUSSION

4.1. Effects of Forage Legume Intercropping on Fungal Contamination of Maize Grain
The present study revealed that cropping system had a significant effect on frequency of
fungi species contaminating maize grain as shown in Table 1. The result showed that the
frequency of maize grain contaminating fungi species were significantly (P<0.05) affected
by forage legumes intercropping system and fertilizer application. The interaction between
forage legumes intercropping system and fertilizer application did not significantly affect
frequency of fungi species shown in (Appendix Table 1).

The highest frequency of Fusarium verticilloides (17.66%), Fusarium giraminreaium
(8.16%) and Fusarium subglutinan (5.50%) were observed in maize alone cropping plots
whereas, the lowest frequency F. verticillioides (8.66%), Fusarium giraminreaiumn (4.0%)
and F. subglutinans (3.50%) were observed from maize intercropping with cowpea double
rows plot (Table 1). For Aspergilus flavus (5.50%), Penicillium citrinum (2.50%) and
Penicillium chrysogenum species (4.16%) were observed in maize alone cropping plots
while the lowest frequency of Aspergilus flavus (3.50%), Penicillium citrinum (0.50%) and
Penicillium chrysogenum species (2.66%) were observed in maize intercropping with
cowpea double rows plot (Table 1).

The frequency of Fusarium, Aspergillus and Penicillium fungi species under the forage
legume intercropping system was reduced. This might be forage legume intercropping
reduced insect damage on maize crop, which cause wounds and enabling entry of the fungus
into the plant or serve as vectors, transferring inoculum among plants. Insects feeding on
maize ears either act as vectors of ear rot fungi or open the ear to fungal inocula dispersed
by raindrops and wind (Mays, 2015). Therefore, maize grown under the forage legume
intercropping system had significantly lower ear rot infections. Similarly, less contamination
on maize intercrop systems has been reported (Mutiga et al., 2015). Intercropping helps to
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create a suitable growing condition or avoid stress factors for the plants that helps to reduce
fungal infection.

Fusarium and Aspergillus species causes little damage on kernels under good growing
conditions for the maize plant (Pitt et al., 2013), whereas stress conditions usually enhance
fungal infection contamination (Picot et al., 2010). These results support findings of a
preliminary study that reported a reduced incidence of Fusarium verticillioides and
Fusarium subglutinans on maize grain which grown under the push pull cropping system as
compared to maize grown in mono-cropping system (Njeru et al., 2020). Owuor et al (2018)
also reported a lower incidence of Fusarium, Aspergillus and Penicillium species was
observed under the push-pull cropping system than mono-cropping system.

In addition, the current findings from maize mono-crops are consistent with observations
from previous studies that reported Fusarium ear rot as the most common type of maize ear
rot in Ethiopia (Ayalew, 2010). Similarly, Tsehaye et al. (2017) also reported that Fusarium
species were recovered throughout all maize growing areas and agro-ecological zones of
Ethiopia. This indicates its intimate association with the plant and its adaptation to the
tropical climate. Ayalew (2010) has reported that 99 % of the Fusarium spp. on the internal
and external surface of maize kernels was Fusarium verticillioides. Among
the Fusarium spp. reported in this study, the F. verticillioides species was the most frequent
grain contaminating fungi and the F. graminearum species complex was the second major

contaminant of maize kernels.
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Table 1. Effects of forage legumes intercropping on fungi contamination of maize grain in
Dore Bafano woreda during, 2021 cropping season
Intercropping type Frequency (%)

AF FV  FG  FS PC  PCH

Maize sole 550* 17.66* 8.16° 550* 2.50*° 4.16°
Maize +Cowpea singlerow  4.16*° 9.66°® 4.50% 4.33 1.0° 2.83P
Maize + cowpea double row  3.50° 8.66% 4.0¢  350° 050° 2.66"
Maize + lablab single row 433 11.0° 533 4.66* 1.16° 3.16°

Maize + lablab double row 4.66% 12.0° 583> 516% 133> 3.33%®

Means 4.43 11.79  5.56 4.63 129 3.22
LSD 0.91 1.98 1.32 1.07 0.57 0.88
Cv 155 1261 1781 1717 329  20.55

Means followed by the same letter (s) within a column are not significantly different from
each other at 5% level of significance, LSD = least significance difference, CV=coefficient
of variation; AF Aspergillus flavus, FV=Fusarium verticilloides, FS= Fusarium subglutinan,
FG = Fusarium graminreaum, PC= Penicillium citrinum, PCH = Penicillium chrysogenum,

4.2. Effects Fertilizer Application on Fungi Contamination of Maize Grain

Maize grain contaminating fungi frequency varied significantly with fertilizer application
(p<0.05) (Table 2). Plots with without fertilizer had the highest fungal frequency as
compared to maize grown with fertilizer. The highest frequency of Fusarium verticilloides
(14.6%), Fusarium graminreaum (7.53%), Fusarium subglutinan (6.40%), Aspergillus
flavus (5.20%), Penicillium critinum (1.53%) and Penicillium chrysogenum (4.33%) were
recorded from maize grow without fertilizer application. While the lowest frequency of
Fusarium verticilloide (9.0%), Fusarium graminreaum (3.60%), Fusarium
subglutinan (2.86%), Aspergillus flavus (3.66%), Penicillium citrinum (1.06%), and
Penicillium chrysogenum (2.13%) were recorded from maize grown with fertilizer

application (Table 2).
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Application of fertilizer gives strength to maize crop against infection of maize grain
contaminating fungal pathogen. Because, nutrients can affect the physiology and
biochemistry and especially the integrity of the cell walls membrane leakage and the
chemical composition of the plant. The finding from this study in line with those of Souza et
al. (2016) non-application of nitrogen (0 kg/hat) resulted in higher contamination of kernels
by Fusarium sp., Penicillium sp. and yeast (p<0.05). Similarly, the application of a low rate
of nitrogen level increases the colonization of Aspergillus species on maize kernel reported
by Mutiga et al. (2017). Blandino et al. (2008) observed a significant increase in the
incidence (p<0.05) and severity (p<0.01) of diseases with non-application of nitrogen
fertilizer in maize crop. Inadequate soil nutrition can affect maize ear and kernel
development, which may in turn influence susceptibility to fungal colonization (Seebauer et
al., 2004).

Deficiency or excess of plant-available nitrogen can lead to stress, increasing their
susceptibility to being attacked by pests and pathogens (Mcmahon, 2012). A high level of
phosphorus can harm plants by decreasing the amount of oxygen available for the plant while
deficiency of phosphorus makes the plants look weak characterized by tine stem. The effects
make the crop susceptible to infection by opportunistic fungi (Aspergillus flavus) which

contaminates maize grain (Dolezal et al., 2014).
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Table 2. Effects of fertilizer application on fungi contamination of maize grain in Dore
Bafano woreda during, 2021 cropping season.

Treatments Frequency (%)
AF FV FG FS PC PCH
Without fertilizer 520 14.6° 7.53% 6.40° 1.532 4.332
With fertilizer 3.66° 9.0° 3.60° 2.86" 1.06" 2.13
Means 4.43 11.8 5.56 4.63 1.29 3.23
LSD 0.58 1.25 0.83 0.67 0.36 0.55
CVv 15.5 12.61 17.81 17.17 32.9 20.55

Means followed by the same letter (s) within a column are not significantly different from
each other at 5% level of significance, LSD least significance difference, CV=coefficient of
variation; AF Aspergillus flavus, FV=Fusarium verticilloides, FS= Fusarium subglutinan,
FG = Fusarium graminreaum, PC= Penicillium citrinum, PCH = Penicillium chrysogenum.

4.3. Interaction between Forage Legume Intercropping and Fertilizer Application on
Fungi Contamination of Maize Grain

The frequency of maize kernels contaminated with Aspergillus niger, Fusarium
oxysporum and Rhizopous stolonifer fungi species were significantly different in forage
legume intercropping and fertilizer application. The interaction between forage legumes
intercropping system and fertilizer application significantly affected the frequency of fungi
species shown in Table 3 (Appendix Table 2).

The highest frequency of Aspergillus niger (6.0%) was observed in maize alone without
fertilizer cropping plots while the lowest (2.0%) was observed in maize + cowpea double
rows with fertilizer. In Fusarium oxysporum and Rhizopous stolonifer species a significance
difference was observed between maize alone without fertilizer and other remaining
treatments however there was no significant difference among those remaining treatments
(Table 3). This study revealed that the frequency of grain contaminating fungi Aspergillus

niger, Fusarium oxysporum and Rhizopous stolonifer species were reduced under forage
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legume intercropping with maize along with fertilizer application. This might be due to the
fact that forage legume intercropping with maize, reduced stem and ear borer insect damage
on maize crop. Whereas, fertilizer application gives strength to the plant against disease and
insect pest. Similarly, less contamination on maize from intercropping systems has been
reported (Mutiga et al., 2015). Fusarium and Aspergillus species ear rot development is
aggravated under drought and fertilizer stress conditions (Miller, 2001; Hell et.al. , 2008;
Parsons and Munkvold, 2010). Legumes can minimize water stress in a farm by covering the
soil (Tédihou et al., 2012), and serve as moisture conservation in a farm. It improves soil
health and promotes vigorous plant growth (Sida et al., 2018b), by increasing the amount of

nitrogen, phosphorus, and potassium contents to maize (Dahmardeh et al., 2010).
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Table 3. Interaction between forage legume intercropping and fertilizer application on
frequency of Aspergillus niger, Fusarium oxysporum and Rhizopous stolonifer in maize

grain in Dore Bafano woreda during, 2021 cropping season.

Aspergillus Fusarium Rhizopous
niger oxysporum stolonifer
Treatments NFt Ft NFt Ft NFt Ft
Maize alone 6.0 4.3° 2.3 1.0 2.3 1.0
Maize + Cowpea singlerow  3.3%  2.6% 1.0° 1.0° 1.0° 1.0°
Maize +Cowpea double row  3.0¢  2.0° 1.0° 1.0° 1.0° 1.0°
Maize + Lablab singlerow 4.0 4.0 1.0° 1.0° 1.0° 1.0°
Maize +Lablab double row ~ 4.3° 43" 1.33° 1.0 1.0 1.0
Means 3.8 1.16 1.3
LSD 0.87 0.43 0.31
Cv 11.0 23.47 16.1

Means followed by the same letter (s) within a column are not significantly different from
each other at 5% level of significance, LSD least significance difference, CVV=coefficient of
variation; NFt = non fertilized, Ft = Fertilized

4.4. Effect of maize intercropping with forage legume on fungal population of the soil
The study showed that cropping system had a significant effect on fungal population in soil
meant for maize production as shown in Table 4. The result showed that the population of
fungi species in soil was significantly (P<0.05) affected by forage legumes intercropping
system. A fertilizer application and the interaction between forage legumes intercropping
system and fertilizer application were not significantly affected on the population of fungi
species in soil shown in (Appendix Table 3).

The lowest population density of Fusarium species (916.6 CFU/g™?) in maize alone grown
plot and the highest population density (1050 CFU/g') Maize + Lablab double rows

intercropping system plots were observed in the study area. For Aspergillus niger,
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Aspergillus flavus, Penicillium chrysogenum and Mocar species a significant difference was
observed only between maize alone grown plots and forage legume intercropping plots but
no significant difference between forage legume intercropping system (Table 4).

Intercropping forage legumes with maize crop increase fungi population in soil which meant
for maize grain contamination because intercrop legume maintaining soil temperature
appropriate to the spread of structures of the pathogen population. As Nesci et al. (2006) and
Dubova et al. (2016) stated the population of Aspergillus spp. and Fusarium spp. significantly
increases under minimum tillage and organic matter amendments. This result has
contradicted the findings which showed insignificant difference in the population
of Aspergillus in between push-pull and maize mono-crop systems (Owuor et al., 2018). This
is due to most farms being maize intercropped with food legumes such as common bean
(Phaseolus vulgaris L.) and peanuts (Arachis hypogaea L.) before doing the experiments

(Owuor etal., 2018).
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Table 4. Effect of maize - forage legume intercropping on fungal population (CFU/g?) in
soil during, 2021cropping season.
Fungal  population (CFU/g

)

Treatments AN AF FSS PC PCH MU RH TRI
1 100.00° 129.17° 916.6° 100.0 108.3° 95.8° 133.3™ 116.6™
2 170.83% 270.83* 1008.3° 108.3 187.5* 100® 141.6"™ 137.5™
3 179.17% 237.50* 1008.3° 1125 187.58 112% 125"  133.3™
4 170.83% 279.17* 1016.6° 116.6 187.5% 125* 141.6™ 141.6™
5 154.17% 241.67* 1050.0° 120.8 204.1* 125* 133.3™ 125"
LSD 250 436 33.1 - 19 25 - -

CcVv 13.4 15.7 19.0 9.0 2.7 188 236 220

Means followed by the same letter (s) within a column are not significantly different from
each other at 5% level of significance 1=Maize alone, 2 =Maize+ cowpea single row, 3=
Maize + Lablab single rows, 4= Maize+ cowpea double row and 5 = Maize + Lablab double
rows; LSD least significance difference, CV=coefficient of variation; AN = Aspergillus
niger, AF= Aspergillus flavus, FSS= Fusarium species, PC= penicillium citrinum, PCH
Penicillium chrysogenum, MU= mucor sp, RH= Rhizopous stolonifer and TRI= trichoderma
sp

4.5. Morphological identification of Fungi Species from Maize Grain and Soil

Fungi species that contaminating maize grain in the study area was identified. Four genera
and nine species of fungi were identified from maize grain. Those species are Fusarium
verticillioides, Fusarium giraminreaiumn, Fusarium subglutinans, Fusarium oxysporum,
Aspergillus niger, Aspergillus flavus, Penicillium citrinum, Penicillium chrysogenum, and
Rhizopous stolonifer. Whereas six genera and twelve species of fungi were identified from
soil sample. Those species are Fusarium verticillioides, Fusarium giraminreaiumn,
Fusarium subglutinans, Fusarium oxysporum, Fusarium crookwellense, Aspergillus niger,
Aspergillus flavus, Penicillium citrinum, Penicillium chrysogenum, Rhizopous stolonifer,

Trichoderma sp., and Mocur species.
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4.5.1. Fusarium spp.

Fusarium graminearum

Fusarium graminearum isolate grew rapidly on PDA media and had growth rate of 48 to 60
mm after 3 days of incubation at 25 °C. Fusarium graminearum were produced abundant
cottony aerial mycelium with white to pale orange to pink on colony color and pigmentations
from pink to red pigmentation on PDA media (Figure 1 2A and 2B). Macroconidia were
more common with straight and relatively slender in shape. Macro conidial septation was
ranged from 5 to 6 septation (Figure 1. 2C). There was an absence of microconidia.
Fusarium subglutinan

Fusarium subglutinan isolate grew rapidly on PDA media and had growth rate of 25 to
34mm after 3 days of incubation at 25 °C. Fusarium subglutinan was produced abundant
mycelium with white colony initially but becomes violet as the culture aged. Pigmentation
was colorless to a dark purpled that is nearly black on PDA (Figure 1. 3A-3B). A number of
macroconidia septation was usually 3-septate (Figure 1. 3C). Microconidia was Oval and 0-
septate. The polyphialides were proliferated extensively.

Fusarium crookwellense

Fusarium crookwellense were produced white dense aerial mycelium on PDA media that
grew at rate of 53 to 64mm after 3 days of incubation at 25 °C (Table 5). A red pigmentation
was produced on agar. Macroconidia septation was usually 5-septate (Figure 1. 5C) with an
absent of microconidia.

Fusarium verticilliodes

Fusarium verticilliodes isolate grow rapidly on PDA and growth rates ranging from 22 to
29 mm after 3 days of incubation at 25°. It produced initially white mycelia but later develop
into violet with age on PDA (Figure 1. 1A). Pigmentation was violet grey on agar (Figure

1.1B). Abundant microconidia were produced in long chains from monophialides in false
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heads (Figure 1.1C). The conidia were oval to club-shaped with a flattened base, and zero-
septate (Figure 1. 1D). Macroconidia was vary from slightly falcate or sickle-shaped to
slender straight with 3 to 5 septate (Figure 1. 1F).

Fusarium oxysporum

Fusarium oxysporum isolate grow rapidly on PDA and growth rates ranging from 28 to 40
mm after 3 days of incubation at 25°%. It produced abundant woolly mycelium with white
colony color and produced white - yellowish pigment on PDA media (Figure 1 4A-4B).

Macroconidia was straight to slightly curve with usually 3-septate (Figure 1 4C).
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Figure 1. Colony and microscopic characteristics of Fusarium species

1. Fusarium verticilloides: 1A obverse, 1B reverse colony, 1C and D Microconidia and 1F
Macroconidia

2. Fusarium graminreaum: 2A obverse, 2B reverse colony and 2C Macroconidia.

3. Fusarium subglutinan; 3A obverse, 3B reverse colony, 3C Macroconidia, and D
microconidia

4. Fusarium oxysporum; 4A obverse, 4B reverse colony, 4C Macroconidiaand 4D
Microconidia

5. Fusarium crookwellense; 5A obverse, 5B reverse colony and 5C Macroconidia
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4.5.2. Asperqgillus spp.

Aspergillus flavus

Aspergillus flavus was fast growing with growing rates ranging from 40 mm to 45 mm after
7 days of incubation at 25 °c on PDA. It produced yellowish-green, colonies encircled by a
white border produce exudates on PDA (Figure 2 Al). They produced soluble pigments with
brown color that was seen on reverse of colonies. The conidiophores were bearing vesicles.
Vesicle shape was sub globose to globose. The conidia was thin wall and yellow green color
as shown (Figure 2 A3).

Aspergillus niger

Aspergillus nigri was fast growing with growing rates ranging from 41 mm to 43mm after 7
days of incubation at 25 °c on PDA. Aspergillus nigri was produced white mycelia in initially
on PDA which quickly become black with conidial production (Figure 3 Al). The reverse
was pale yellow with radial fissures in the agar (Figure 3.A2). Conidiophores were beard

spherical vesicles and hyaline or lightly pigmented hyphae near the apex (Figure 3. A3).

R A TR A y
RO Ay 3 ke 4 .
! 1&'.,‘:"‘ v Pn-al
» ’:)?. \ T TSa
BCNCRY A .\ \ {2
b s ¥ b

Figure 2. Colony and microscopic characteristics of Aspergillus flavus.

A obverse, A2 reverse colony and A3 conidiophores

A3
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Figure 3. Colony and microscopic characteristics of Aspergillus niger.
A obverse, A2 reverse colony and A3 conidiophores

4.5.3. Other fungal spp.

Penicillium citrinum

Penicillium citrinum was rapid growing with growing rates ranging from 22 to 24 mm after
7 days of incubation at 25 °c on PDA. It produced dark green color, granular powdery colony
and the back side of colony was pale yellow in color on PDA media (Figure 4 A1-A2).
Penicillium chrysogenum

Penicillium chrysogenum was fast growing with growing rates ranging from 30 mm to 35
mm after 7 days of incubation at 25 °c on PDA. It was produced a whitish color in beginning
and over time, produced blue green color with a yellowish pigment (Figure 5 A1-A2). It was
reproduced a dry chains of spores from brush-shaped conidiophores (Figure 5 A3).
Rhizopus stolonifer

Rhizopus stolonifer was fast growing with growing rates ranging from 87 mm to 90 mm after
3 days of incubation at 25 °c on PDA. It was produced white cottony mycelia it become gray
brown (Figure 6 Al). The pigmentation was colorless. Hyphae was broad and not septate
with rhizoids and stolon’s present (Figure 6 A2). Sporangiophores were solitary or in tufts

on the stolons (Figure 6 A3).
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Figure 4. Colony and microscopic characteristics of Penicillium citrinum

A obverse, A2 reverse colony and A3 conidiophore
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A3

Figure 5. Colony and microscopic characteristics of Penicillium chrysogenum
A obverse, A2 reverse colony and A3 conidiophore

Figure 6. Colony and microscopic characteristics of Rhizopous stolonifer

A obverse, A2 reverse colony and A3 Sporangiophore

4.6 Economic Analysis

Cost benefit analysis was done to determine the relative economic returns on the applied
treatments using the prevailing market prices. The yields were adjusted by 10% downwards
due to management level variability between a researcher and a farmer (CIMMYT, 1988).
The price of maize, lablab and cowpea was obtained from personal communication with
maize, lablab and cowpea producers and retailers around Hawasa city, which was the nearest
market to the study area. Gross benefit was estimated as the product of the adjusted gain of
maize and straw yield of lablab and cowpea (kg ha) multiplying by market price. A sale
price for maize was (27 Birr kg ha*) and for lablab and cowpea (5 Birr kg) respectively.

Net benefit was calculated by subtracting the total cost of production from the gross benefit.
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The cost of production includes: current fertilizer cost; Urea and NPS 13.8 and 13 Birr kg
ha! respectively, seed cost of maize 60 Birr kg /haand lablab and cowpea were 115 Birr
kg/hat. Cost of labor per day in the area is 100 Birr. Marginal rate of returns were calculated

(MRR), where the percentage change in benefit over change in total variable cost (Table 7).

Anet benefit
Atotal variable cost

MRR (%) X100

The partial budget analysis indicated that Intercropping maize + cowpea single row with
fertilizer application had acceptable MRR and the highest net benefit (178,264.1 Ethiopian
birr/ ha) (Table 7). Due to having maximum benefit than other, this treatment is

recommended for farmers in the study area and other similar agro ecologies.
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Table 5. Cost benefit analysis of forage legume intercropping and fertilizer application on maize grain in Dore Bafano, 2021

Variable Income per
cost per ha ha
Treatment  Seed Labor cost NPS Urea TVC Income per TVCin Netbenefit MRR%
ha/ Ethio. (GB-TVC)
S cost Birr from Birr
adjusted
1 1500 800 0 0 2300 92,735.1 2300 90,453.1 D
2 3225 1500 0 0 4725 141,013 4725 136,288 1890
3 4950 2000 0 0 6950 147,811.2 6950 140,861.2 205.5
4 3225 1500 0 0 4725 123,817 4725 119,092 D
5 4950 2000 0 0 6950 117,764.2 6950 110,814.2 D
6 1500 1300 2850 1500 7150 130,491 7150 123,341 6263.4
7 3225 2000 2850 1500 9575 187,839.1 9575 178,264.1 2264.9
8 4950 2500 2850 1500 11800 190,554.9 11800 178,754.9 22.06
9 3225 2000 2850 1500 9575 158,395.9 9575 148,820.9 D
10 4950 2500 2850 1500 11800 150,812.2 11800 139,012.2 D
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1 = maize alone, 2 = maize+ cowpea single row, 3 = maize + lablab single row, 4 = maize+
cowpea double rows, 5 = maize + lablab double rows, 6 = Maize alone with fertilizer, 7 = maize+
cowpea single row with fertilizer, 8 = maize + lablab single row with fertilizer, 9 =maize+
cowpea double row with fertilizer, 10 = maize + Lablab double row with fertilizer, MRR =

Marginal rate of returns, TVC = Total variable cost and GB = Gross benefit
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5. CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The results of the present study revealed that intercropping forage legume and fertilizer
application has effects on maize grain contaminating fungi. Intercropping legume crop with
maize reduced the frequency of grain contaminating fungi through reduction of insect damages,
because insect make wounds and enabling entry of the fungus into the plant or serve as vectors,
transferring inoculum among plants. Intercropping maize with cowpea has low frequency than
lablab forage legume this was probably cowpea inhibiting movement of larvae among plants,
preventing insects from laying eggs, through visual or chemical disruption and providing habitat
for natural enemies than lablab forage legumes

The fungi genera typically found in grain harvested grains in the present study were Fusarium,
Aspergillus, Penicillium and Rhizopous spp. All identified grain contaminating fungi has low
frequency under fertilizer applied plots this is due to the fact that fertilizer gives strength to the
crop against the pathogens and insect pests. The population density of maize grain contaminating
fungi were lower in soil under maize grown alone than intercropping with forage legume; this
was due to intercropping amended soil organic matter and conserve soil moisture contents

5.2. Recommendation

In the present study, intercropping of maize + cowpea single row with fertilizer application was
the most appropriate combination for reducing maize grain contaminating fungi in the study
area. However, it is difficult to conclude and give reliable recommendation using a one year’s
experiment at one site, hence further investigation over locations and years should be carried out
for developing concrete recommendation. Moreover, there is a need for increased awareness

creation about the impact of fungal contamination in maize grains.

43



6. REFERENCES
Abate, T., Shiferaw, B., Menkir, A., Wegary, D., Kebede, Y., Tesfaye, K., Kassie, M., Bogale,
G., Tadesse, B. and Keno, T. 2015. Factors that transformed maize productivity in Ethiopia.
Food Security, 7, pp. 965-981.

Abbas, HK, Zablotowicz, RM, Weaver, MA, Shier, WT, Bruns, HA, Bellaloui, N., Accinelli, C.
and Abel, CA, 2013. Implications of Bacillus thuringienisis traits on mycotoxin
contamination in maize: Overview and recent experimental results in southern United
States. Journal of Agricultural and Food Chemistry, 61, pp.11759-11770.

Abebe, F., Tefera, T., Mugo, S. Beyene, Y. and Vidal, S, 2009. Resistance of maize varieties to
the maize weevil Sitophilus zeamais (Motsch.)(Coleoptera: Curculionidae). African journal
of Biotechnology, 8(21).

Aislabie, J. and Deslippe, J.R., 2013. Soil microbes and their contribution to soil services. In:
Dymond JR ed. Ecosystem services in New Zealand — conditions and trends. Lincoln, New
Zealand, Manaaki Whenua Press. pp. 112-161.

Alakonya, A.E., Monda, E.O. and Ajanga, S., 2008. Variation in in vitro fumonisin Bl
production by different Fusarium verticillioides isolates in Kenya. American-Eurasian
journal for Agriculture and Environmental Science, 4, pp.368-371.

Aldred, D. and Magan, N., 2004. Prevention strategies for trichothecenes. Toxicol. Lett. 153,
pp.165-171.

Askegaard, M. and Eriksen, J., 2008. Residual effect and leaching of N and K in cropping
systems with clover and ryegrass catch crops on a coarse sand. Agriculture, Ecosystems and

Environment, 123(1-3) pp.99-108.

44



Atanda, S. A., Pessu, P. O., Agoda, S., Isong, I. U., Adekalu, O. A., Echendu, M. A. and Falade,
T. C., 2011. Fungi and mycotoxins in stored foods. African Journal of Microbiology
Research, 5, pp.4373-4382.

Atehnkeng, J., Ojiambo, P. S., Cotty, P. J. and Bandyopadhyay, R., 2014. Field efficacy of a
mixture of atoxigenic Aspergillus flavus Link:Fr vegetative compatibility groups in
preventing aflatoxin contamination in maize (Zea mays L.). Biological Control, 72, pp. 62-
70.

Avery, SV, Singleton, 1., Magan, N. and Goldman, GH, 2019. The fungal threat to global food

security. Fungal Biology, 123(8) pp.555-557.

Ayalew, A., 2010. Mycotoxins and surface and internal fungi of maize from Ethiopia. African
Journal of Food, Agriculture, Nutrition and Development, 10, pp.4109-4123.

Bakan, B., Richard, D., Molard and B., Cahagnier, 2002. Fungal growth and Fusarium
mycotoxin content in isogenic traditional maize and genetically modified maize grown in
France and Spain. Journal of Agriculture and Food Chemistry, 50(4) pp. 278-731.

Bandyopadhyay, R., Ortega-Beltran, A., Akande, A., Mutegi, C., Atehnkeng, J., Kaptoge, L.,

Senghor, AL, Adhikari, BN and Cotty, PJ, 2016. Biological control of aflatoxins in Africa:
current status and potential challenges in the face of climate change. World Mycotoxin
Journal, 9, pp.771-789.

Blandino, M., Reyneri, A. and Vanara, F., 2008. Influence of nitrogen fertilization on mycotoxin
contamination of maize kernels. Crop protection, 27, pp.222-230.

Bollmann, A., Palumbo, A.V., Lewis, K. and Epstein, S., 2010. Isolation and physiology of
bacteria from contaminated subsurface sediments. Applied Environmental Microbiology,

76, pp.7413-7419.

45



Brown, D.W., Butchko, R.A., Busman, M. and Proctor, R.H., 2012. Identification of gene
clusters associated with fusaric acid, fusarin, and perithecial pigment production in
Fusarium verticillioides. Fungal Genetics and Biology, 49(7) pp.521-532.

Butrén, A., Santiago, R., Mansilla, P., Pintos-Varela, C., Ordas, A. and Malvar, R.A., 2006.
Maize (Zea mays L.) genetic factors for preventing fumonisin contamination. Journal of
Agricultural and Food Chemistry, 54(16) pp. 6113-6117.

Cao, A, Santiago, R., Ramos, A.J., Souto, X.C., Aguin, O., Malvar, R.A. and Butrén, A., 2014.
Critical environmental and genotypic factors for Fusarium verticillioides infection, fungal
growth and fumonisin contamination in maize grown in northwestern Spain. International
Journal of Food Microbiology, 177, pp. 63-71.

Central Statistical Agency (CSA) 1996. Agricultural Sample Survey 1995/1996. Report on area
and production for major crops. The Federal Democratic Republic of Ethiopia. Central
Statistical Agency, June, Addis Ababa.

Central Statistical Agency (CSA) 2016. Agricultural Sample Survey 2015/2016 (2008 E.C.)
Report on Area, Production and Farm Management Practice of Belg Season for Private
Peasant Holdings. Volume V, Statistical Bulletin 578, Addis Ababa.

Central Statistical Agency (CSA) 2017. Ethiopia Socioeconomic Survey, Wave 3 2015-2016.

Chabi-Olaye, A., Nolte, C., Schulthess, F. and Borgemeister, C., 2005b. Abundance, dispersion
and parasitism of the noctuid stem borer Busseola fusca (Fuller) in mono- and intercropped
maize in the humid forest zone of southern Cameroon. Bulletin of Entomological Research,
95, pp. 169-177.

Chauhan NM, AP Washe, and T Minota. 2016. Fungal infection and aflatoxin contamination in

maize collected from Gedeo zone, Ethiopia. Springer Plus, 5, pp.1-8.

46



CIMMYT (International Maize and Wheat Improvement center), 1988. An economic training

manual: from agronomic data recordation. CYMMT. Mexico p 79.

Cotty, P. J., 2006. Bio competitive exclusion of toxigenic fungi. In D. Barug, D. Bhatnagar, H.
P. van Egdmond, J.W. van der Kamp, W. A. van Osenbruggen, & A. Visconti (Eds.), the
mycotoxin Fact book. The Netherlands: Wageningen Academic Publisher. Pp179-197.

Dahmardeh, M., Ghanbari, A., Syahsar, B. A. and Ramrodi, M., 2010. The role of intercropping
maize (Zea mays L) and cowpea (Vignaun guiculata L) on yield and soil chemical
properties. African Journal of Agricultural. Research, 5, pp. 631-636.

Darnetty, T. and Salleh, B., 2013. Toxigenicity of Fusarium species in Gebberella fujikuroi
species complex associated with stalk and ear rot disease of corn. International Journal of
Phytopathology, 2(3) pp. 147-154.

Das, B., 2014. Fusarium and Gibberella ear rot (extended information)-Maize Doctor

Deliopoulos, T., Kettlewell, P. S. and Hare, M. C., 2010. Fungal disease suppression by
inorganic salts: A review. Crop Protection, 29, pp. 1059-1075.

Dessie, G. and Kinlund, P., 2007. Khat expansion and forest decline in wondo genet, Ethiopia.
Geografiska Annaler: Ser. B Human Geography, 90, pp. 187-203.

Difabachew Belay and John E Foster, 2010. Efficacies of habitat management techniques in

managing maize stem borers in Ethiopia. Crop Protection, 29, pp. 422-428.

Dohlman, E., 2003. “Mycoto in Hazards and Regulations, Impacts on Food and Animal Feed
Crop Trade,” in Jean C. Buzby (Ed), International Trade and Food Safety, Economic Theory

and Case Studies, Agricultural Economic Report No. 828, USDA, Chapter, 6, pp. 97-108.

47



Dolezal, AL, Shu, XO, Brian, GR, Nielsen, DM, Woloshuk, CP, Boston, RS and Payne, GA., 2014.
Aspergillus flavus infection induce transcriptional and physical changes in developing maize
kernels. Frontires Microbiology, 5, p 384.

Donner, M., Atehnkeng, J., Sikora, R.A., Bandyopadhyay, R. and Cotty, P.J., 2009. Distribution
of Aspergillus section Flavi in soils of maize fields in three agro-ecological zones of
Nigeria. Soil biology and biochemistry, 41(1) pp. 37-44.

Dorner, J. W. & Cole, R. J., 2002. Effect of application of non-toxigenic strains of Aspragillus
flavus and A. parasiticus on subsequent aflatoxin contamination of peanuts in storage.
Journal of Stored Products Research, 38, pp. 329-339.

Dowd, P.F., 2003. Insect management to facilitate pre-harvest mycotoxin management. Journal
of Toxicology and Toxin Review, 22, pp. 327-350.

Dubova, L., Ruza, A. and Alsina, 1., 2016. Soil microbiological activity depending on tillage
system and crop rotation. Agronomy Research, 14, pp. 1274-1284.

Dupioneer, Hi-Bred., 2010. Aspergillus Ear mold. Crop focus, Pioneer Agronomy Science, PP
1-2.

Duvick, J., 2001. Prospects for reducing fumonisin contamination of maize through genetic
modification. Environmental Health Perspective, 109, pp. 337-342.

Eller, MS, Payne, GA, and Holland JB, 2010. Selection for reduced Fusarium ear rot and
fumonisin content in advanced backcross maize lines and their top-cross hybrids. Crop
Science; 50, pp. 2249-2260.

Ezekiel, CN, Ortega-Beltran, A., Oyedeji, EO, Atehnkeng, J., Kossler, P., Tairu, F., Hoeschle-

Zeledon, I., Karlovsky, P., Cotty, PJ and Bandyopadhyay, R., 2019. Aflatoxin in chili

48



peppers in Nigeria: Extent of contamination and control using non-toxigenic Aspergillus
flavus genotypes as biocontrol agents. Toxins, 11, p 429.

Fandohan, P., Hell, K., Marasas, W. & Wingfield, M., 2003. Infection of maize by Fusarium
species and contamination with fumonisin in Africa. African Journal of Biotechnology,
2(12) pp. 570-579.

Fauteux, F., Remus-Borel, W., Menzies J. G. and Belanger R. R., 2005. Silicon and plant disease
resistance against pathogenic fungi. Federation of European Microbiological Societies,
Microbiology Letters, 249, pp. 1-6.

Flores-Sanchez, D., Pastor, A., Janssen, B. H., Lantinga, E. A., Rossing, W. A. H., & Kropff,
M. J., 2013. Exploring Maize-Legume intercropping systems in South West Mexico. Agro-
ecology and Sustainable Food Systems, 37(7) pp. 739-761.

Folcher, L., Jarry, M., Weissenberger, A., Gerault, F., Eychenne, N., Delos, M. and Regnault-
Roger, C., 2009. Comparative activity of agrochemical treatments on mycotoxin levels with
regard to corn borers and Fusarium mycoflora in maize (Zea mays L.) fields. Crop
Protection, 28(4) pp. 302-308.

Food and Agriculture Organization of the United Nations (FAQO) 2013. Mycotoxins. Food Safety
and Quality.

Food and Agriculture Organization of the United Nations (FAQO) 2020. Yield calculated as the
ratio of crop output and area harvested of the crop. FAOSTAT.

Garbaba, C. A, Denboba, L.G., Mendesil, E., Ocho, F.L. and Hensel O., 2018. Actors’ post-
harvest maize handling practices and allied mycoflora epidemiology in southwestern
Ethiopia: Potential for mycotoxin-producing fungi management. Applied Botany and Food

Quality, 9, pp. 237-248.

49



Getachew A, A Chala, IS Hofgaard, MB Brurberg, M Sulyok M, and AM Tronsmo. 2017.
Multimycotoxin and fungal analysis of maize grains from south and southwestern Ethiopia.
Food Additives and Contaminants: Part B, 11, pp. 64—74.

Girma Tegegne, Fekede Abebe, Temam, Hussien, Tewabech Tilahun, Eshetu Belete, Melkamu
Ayalew, Girma Demese and Kiros Meles., 2009. Review of Maize, Sorghum and Millet
Pathology Research. In: Abraham Tadesse (Ed.). Increasing Crop Production through
Improved Plant Protection-Volume I. p 245.

Guilpart, N., Grassini, P., Sadras, V.O., Timsina, J. and Cassman, K.G., 2017. Estimating yield
gaps at the cropping system level. Field crops research, 206, pp. 21-32.

Haidukowski, M., Pascale, M., Perrone, G., Pancaldi, D., Campagna, C. and Visconti, A., 2005.
Effect of fungicides on the development of Fusarium head blight, yield and deoxynivalenol
accumulation in wheat inoculated under field conditions with Fusarium graminearum and
Fusarium culmorum. Journal of Science in Food Agriculture, 85, pp. 191-198.

Hell, K., Fandohan, P., Kiewnick, S., Sikora R. and Cotty, PJ, 2008. Pre- and postharvest
management of aflatoxin in maize: An African perspective: Mycotoxins: Detection Methods,
Management, Public Health and Agricultural Trade. (Pp.219-229) Wallingford UK: CABI.

Hell, K., Mutegi, C. and Fandohan, P., 2010. Aflatoxin control and prevention strategies in
maize for Sub-Saharan Africa. Julius-Kihn-Archiv, 425, p 534

Henry, WB, Williams, WP, Windham, GL and Hawkins, LK, 2009. Evaluation of maize inbred
lines for resistance to Aspergillus and Fusarium ear rot and mycotoxin accumulation.

Agronomy Journal; 101, pp. 1219-1226.

50



Horn, B.W. and Dorner, J.W., 1998. Soil populations of Aspergillus species from section Flavi
along atransect through peanut-growing regions of the United States. Mycologia, 90 (5) pp.
767-776.

Howell, C., 2003. Mechanisms employed by Trichoderma species in the biological control of
plant diseases: the history and evolution of current concepts. Plant Disease, 87(1) pp. 4-10.

Hubber, D.M. and Haneklaus, S., 2007. Managing nutrition to control plant disease. Land
bauforsch. Volkenrode, 57 (4) pp. 313-322.

Humber, R.A., 1997. Fungi. In: Lawrence, L. (Ed.) Manual of Techniques in Insect Pathology.
San Diego, CA: Academic Press, pp153-185.

Hung, H-Y and Holland, JB, 2012. Diallel analysis of resistance to Fusarium ear rot and
fumonisin contamination in maize. Crop Science; 52, pp 2173-2181.

International Food Policy Institute (IFPRI) 2010. Aflatoxin in Kenya. An overview. Afla-control
project Notel. Retrieved February, 3, PP 2016.

International Seed Testing Association (ISTA) 2003. International rules for seed testing. Seed
Science and Technology, 24, pp. 28-42.

Jacobsen, B., 2007. Corn Storage, Managing Molds and Mycotoxins. Montana State University,
Bozeman MT., ppl17-22.

Jiang, N., Songa, JM, Schulthess, F. and Omwega, C., 2006. The role of intercropping different
cereal species in controlling lepidopteran stem-borers on maize in Kenya. Journal of
applied entomology, pp. 40-49.

Jones, BD and Toal, ME, 2003. Mycotoxins in food: a UK regulatory perspective. Aspects

Applied Biology, 68, pp 1-9.

51



Jurado, M., Marin, P., Magan, N. and Gonzélez-Jaén, M.T., 2008. Relationship between solute
and matric potential stress, temperature, growth, and Fumonisinl gene expression in two
Fusarium verticillioides strains from Spain. Applied and environmental microbiology, 74(7)
pp. 2032-2036.

Karltun, E., Lemenih, M. and Tolera, M., 2013. Comparing farmers' perception of soil fertility
change with soil properties and crop performance in beseku, Ethiopia. Land Degradation
& Development, 24(3), pp.228-235.

Keno, T., G., Azmach, D., Wegary, M., Worku, B., Tadesse, L., Wolde, T., Deressa, B., Abebe,
T., Chibsa and L. M., Suresh, 2018. “Major biotic maize production stresses in Ethiopia and
their management through host resistanct.” African Journal of Agricultural Research, 13,
pp. 1042-1052.

Khan, Z., R., Midega, C.A.O., Bruce, T.J.A., Hooper, A.M. and Pickett, J.A., 2010. Exploiting
phytochemicals for developing a “push-pull” crop protection strategy for cereal farmers in
Africa. Journal Experimental Botany, 61(15) pp. 4185-4196.

Khan, Z., Midega, C., Pittchar J., Pickett, J. and Bruce, T., 2011. ‘Push—pull technology: a
conservation agriculture approach for integrated management of insect pests, weeds and
soil health in Africa’. International Journal of Agricultural Sustainability, 9, pp.162-170.

Khan, F., Khan, S., Fahad, S., Faisal, S., Hussain, S., Ali, S. and Ali, A., 2014. Effect of Different
Levels of Nitrogen and Phosphorus on the Phenology and Yield of Maize Varieties.
American Journal of Plant Sciences, 5, pp. 2582-2590.

Kimanya ME, B De Meulenaer, B Tiisekwa, M Ndomondo-Sigonda, F Devlieghere, J van
Camp, and P Kolsteren. 2008. Co-occurrence of fumonisins with aflatoxins in home-stored

maize for human consumption in rural villages of Tanzania. Food Additives and

52



Contaminants - Part A Chemistry, Analysis, Control, Exposure and Risk Assessment, 25,
pp. 1353-1364.

Kinama, MJ and Pierre HMJ. , 2018. A review on advantage of cereals legumes intercropping
system: Case of promiscuous soybeans varieties and maize. International Journal of
Agronomy and Agricultural Research, 12(6), pp.155-165.

Klich, M.A., 2002. Identification of Common Aspergillus species. Netherlands: Central bureau

of shimmel cultures. Utrecht. Netherlands. p116.

Klich, M.A., 2007. Aspergillus flavus: the major producer of aflatoxin. Molecular Plant
Pathology, 8, pp. 713-722.

Landon J.R., 1991. Booker Tropical Soil Manual, Booker Tate Limited.

Leslie, J.F. and Summerell, B, A., 2006. The Fusarium laboratory manual. 1% ed. Ames, lowa:
Blackwell Publishing.

Leyva-Madrigal, Karla Y., Claudia, P., Larralde-Corona, Miguel, A., Apodaca-Sanchez,
Francisco, R., Quiroz-Figueroa, Priscila, A., Mexia-Bolafios, Salma Portillo-Valenzuela,
Jesus Ordaz-Ochoa, and Ignacio E, Maldonado-Mendoza, 2015. "Fusarium species from
the Fusarium fujikuroi species complex involved in mixed infections of maize in Northern
Sinaloa, Mexico." Journal of Phytopathology, 163 (6) pp. 486-497.

Lizérraga-Paulin, E.G., Torres-Pacheco, 1., Moreno-Martinez, E. and Miranda-Castro, S.P.,
2011. Chitosan application in maize (Zea mays) to counteract the effects of abiotic stress at
seedling level. African Journal of Biotechnology, 10:6439-6446.

Logrieco, A., Mule, G., Moretti, A. and Bottalico, A., 2002. Toxigenic Fusarium species and
mycotoxins associated with maize ear rot in Europe. European Journal of Plant Pathology,

108(7) pp. 597-609.

53



Logrieco, A., Battilani, P., Leggieri, M.C., Jiang, Y., Haesaert, G., Lanubile, A., Mahuku, G.,
Mesterhazy, A., Ortega-Beltran, A., Pasti, M. and Smeu, I., 2021. Perspectives on global
mycotoxin issues and management from the MycoKey Maize Working Group. Plant
disease, 105(3) pp. 525-537.

Lund, f. and J .C. Frisvad, 2003. Penicillium verrucosum in wheat and barley indicates
Presence of ochratoxin A. Journal of Applied Microbiology, 95, pp.1117-1123.

Mahuku, G., Nzioki, H.S., Mutegi, C., Kanampiu, F., Narrod, C. and Makumbi, D., 2019. Pre-
harvest management is a critical practice for minimizing aflatoxin contamination of
maize. Food Control, 96, pp. 219-226.

Maitra, S., Palai, JB, Manasa, P., Kumar, DP, 2019. Potential of intercropping system in
sustaining crop productivity. International Journal of Agriculture, Environment and Bio-
technology, 12(1) pp.39-45.

Malla, S., Ibrahim, AMH, Glover, KD and Berzonsky, WA, 2010. Combining ability for
fusarium head blight resistance in wheat (Triticum aestivum L.). Communications in
Biometry and Crop Science, 5, pp.116-126.

Maluleke, M.H., Addo-Bediako, A. and Kingsley, K.A, 2005. Influence of maize-lablab
intercropping on the lepidopterous stem borer infestation in maize. Journal of Economic
Entomology, 98, pp. 384-388.

Manoza, F.S., Mushongi, A.A., Harvey, J., Wainaina, J., Wanjuki, I., Ngeno, R., Darnell, R.,
Gnonlonfin, B.G. and Massomo, S.M., 2017. Potential of using host plant resistance,
nitrogen and phosphorus fertilizers for reduction of Aspergillus flavus colonization and

aflatoxin accumulation in maize in Tanzania. Crop protection, 93, pp.98-105.

54



Mansfield, M. A., Jones, A. D. and Kuldau, G. A, 2008. Contamination of fresh and ensiled
maize by multiple Penicillium mycotoxins. Journal of Phytopathology. 98, pp.330-336.
Mardi, M., Buerstmayr, H., Ghareyazie, B., Lemmens, M, Moshrefzadeh, N. and Ruckenbauer,
P., 2004. Combining ability analysis of resistance to head blight caused by Fusarium

graminearum in spring wheat. Euphytica, 139, pp.45-50.

Marin, S., Ramos, A., Cano-Sancho, G. and Sanchis, V., 2013. Mycotoxins: occurrence,
toxicology, and exposure assessment. Food and Chemical Toxicology, 60, pp.218-237.
Mays, D.T., 2015. Mycotoxin Management in Maize (Zea mays (L.)) Damaged By Lepidopteran

Pests. MSc thesis, Texas A & M University.

Mcmahon, P., 2012. Effect of nutrition and soil function on pathogens of tropical tree crops. In:
Cumagun, C.J. (Ed.). Plant pathology, 10, pp.241-272.

Medina, A, Gonzalez-Jartin, J.M. and Sainz, M.J., 2017. Impact of global warming on
mycotoxins. Current Opinion in Food Science, 18, pp. 76-81.

Mesterhazy, A, Marc Lemmens, Lana and M., Reid, 2012. Breeding for resistance to ear rots
caused by Fusarium spp. in maize —a review Plant Breeding, 131 (1) pp. 1-19.

Midega, C.A.O., Khan, Z.R., Van Den Berg, J., Ogol, C.K.P.O., Pickett, J.A., Wadhams, L.J.,
2006. Maize stem borer predator activity under ‘push — pull’ system and Bucillus
thuringienes-maize: a potential component in managing Bucillus thuringienes resistance.
International Journal Pest Management, 52, pp. 1-10.

Midega, CAO, Pittchar, JO, Pickett, JA, Hailu GW and Khan ZR., 2018. A climate-adapted
push-pull system effectively controls Fall Armyworm, Spodoptera frugiperda (J E Smith),

in maize in East Africa. Crop Protection, 105, pp.10-15.

55



Miller JD, 2001. Environmental factors that affect the occurrence of fumonisin. Environmental
Health Perspectives 109, pp.321-324.

Misihairabgwi, J.M., Ezekiel, C.N., Sulyok, M., Shephard, G.S. and Krska, R., 2019. Mycotoxin
contamination of foods in Southern Africa: A 10-year review (2007—2016). Critical reviews
in food science and nutrition, 59, pp 43-58.

Montezano, D.G., Sosa-Gomez, D.R., Specht, A., Roque-Specht, V.F., Sousa-Silva, J.C., Paula-
Moraes, S.D., Peterson, J.A. and Hunt, T.E., 2018. Host plants of Spodoptera frugiperda
(Lepidoptera: Noctuidae) in the Americas. African entomology, 26(2) pp. 286-300.

Munkvold, G. P., Arias, S., Taschl, 1., and Gruber-Dorninger, C., 2019. Mycotoxins in Corn:
Occurrence, Impacts, and Management.

Munkvold, GP, 2003a. Epidemiology of Fusarium diseases and their mycotoxins in maize ears.
European Journal of Plant Pathology, 109:705-713.

Munkvold, G.P., 2003. Cultural and genetic approaches to managing mycotoxins in maize.
Annual Review Phytopathology, 41, pp. 99-116.

Mutiga, S.K., Hoffmann, V., Harvey, JW., Milgroom, M.G., and Nelson, R.J., 2015.
Assessment of aflatoxin and fumonisin contamination of maize in Western Kenya.
Phytopathology, 105 (9) pp.1250-1261.

Mutiga, S.K., Morales, L., Angwenyi, S., Wainaina, J., Harvey, J., Das, B. and Nelson, R.J.,
2017. Association between agronomic traits and aflatoxin accumulation in diverse maize
lines grown under two soil nitrogen levels in Eastern Kenya. Field Crops Research, 205,

pp.124-134.

56



Ncube, E., Flett, B.C., Vandenberg, J., Erasmus, A. and Viljoen, A., 2017. The effect of Busseola
fusca infestation, fungal inoculation and mechanical wounding on Fusarium ear rot
development and fumonisin production in maize. Crop Protection, 99, pp.177-183.

Nesci, A., Barros, G., Castillo, C., and Etcheverry, M., 2006. Soil fungal population in pre-
harvest maize ecosystem in different tillage practices in Argentina. Soil and Tillage
Research, 91, pp.143-149.

Njeru, NK, Midega, CAO, Muthomi, JW, Wagacha, JM and Khan, ZR, 2020. Impact of push—
pull cropping system on pest management and occurrence of ear rots and mycotoxin
contamination of maize in western Kenya. Plant Pathology, 69:1644-1654.

Njobeh, B.P., Francis, M.D., Hermina, S., K., Chuturgoon, A., Stoev, S. and Seifert, S., 2009.
Contamination with storage fungi of human food from Cameroon. International Journal of
Food Microbiology. Elsevier, 135, pp.193-198.

Okoth, S., Nyongesa, B., Ayugi, V., Kang'ethe, E., Korhonen, H., and Joutsjoki, V., 2012.
Toxigenic potential of Aspergillusspecies occurring on maize kernels from two agro-
ecological zones in Kenya. Toxins, 4(11) pp. 991-1007.

Owuor, M.J., Midega, C.A.O., Obonyo, M. and Khan, Z.R., 2018. Impact of companion
cropping on incidence and severity of maize ear rots and mycotoxins in Western Kenya.
African Journal of Agricultural Research, 13, pp.2224-2231.

Palencia, E.R., Dorothy, H.M., and Charles, B.W., 2010. The Black Aspergillus species of Maize
and Peanuts and their potential for Mycotoxin production. Toxins, 2, pp. 300-400.

Park, D.L., Njapau, H. and Boutrif, E., 1999. Minimizing risks posed by mycotoxins utilizing

the HACCP concept. Food Nutrition Agriculture, 23, pp. 49-54.

57



Park, K. J., 2001. Corn Production in Asia: China, Indonesia, Thailand, Philippines, Taiwan,
North Korea, South Korea, and Japan. ASPAC Food & Fertilizer Technology Center.
Parsons, MW, 2008. Biotic and Abiotic Factors Associated with Fusarium Ear Rot of Maize
Caused by Fusarium verticillioides. Ph.D. Dissertation, lowa State University, Ames.
Parsons, M. and Munkvold, G., 2010. Associations of planting date, drought stress, and insects
with Fusarium ear rot and fumonisin B1 contamination in California maize. Food Additives

and Contaminants, 27(5) pp.591-607.

Pereira, P., Nesci, A., Castillo, C. and Etcheverry, M., 2010. Impact of bacterial biological
control agents on fumonisin B1 content and Fusarium verticillioides infection of field-
grown maize. Biological Control, 53(3), pp.258-266.

Pereira, P., Nesci, A., Castillo, C. and Etcheverry, M., 2011. Field studies on the relationship
between Fusarium verticillioides and maize (Zea mays L.): Effect of biocontrol agents on
fungal infection and toxin content of grains at harvest. International Journal of
Agronomy, 2011.

Peterson, S. W., Corneli, S., Hjelle, J. T., Miller-Hjelle, M. A., Nowak, D. M. and Bonneau, P.
A., 1999. Penicillium Pimiteouiense: a New Species Isolated from Polycystic Kidney Cell
Cultures. Mycologia., 91, pp.269-277.

Picot, A., Barreau, C., Pinson-Gadais, L., Caron, D., Lannou, C. and Richard-Forget, F., 2010.
Factors of the Fusarium verticillioides-maize environment modulating fumonisin
production. Critical Reviews in Microbiology, 36(3) pp.221-231.

Pitt, 1.J, 1999. Pencillium in food products: G. Blank Department of food science, university of
Manitoba Winnipeg, MB, Canada, pp.1647-1655.

Pitt, 1.J, 2013. Food born infection and intoxication Mycotoxin. Australia. p418.

58



Prange A., Modrow H., Hormes J, Kramer, J. and Kohler, P., 2005. Influence of mycotoxin
producing fungi (Fusarium, Aspergillus, Penicillium) on gluten proteins during suboptimal
storage of wheat after harvest and competitive interactions between field and storage fungi.
Journal of Agricultural and Food Chemistry, 53, pp. 6930-6938.

Presello, D.A., Botta, G., Iglesias, J. and Eyherabide, G.H., 2008. Effect of disease severity on
yield and grain fumonisin concentration of maize hybrids inoculated with Fusarium
verticillioides. Crop Protection, 27(3) pp.572-576.

Probst C, R, Bandyopadhyay and PJ, Cotty, 2014. Diversity of aflatoxin-producing fungi and
their impact on food safety in sub-Saharan Africa. International Journal of Food
Microbiology, 174, pp.113-122.

Ranum, P., Pefia-Rosas, J.P. and Garcia-Casal, M.N., 2014. Global maize production,
utilization, and consumption. Annals of the New York Academy of Sciences, 1312(1) pp.105-
112.

Rusinamhodzi, L., Corbeels, M., Justice, N. and Ken, E. G., 2012. Maize- Grain legume
intercropping is an attractive option for ecological intensification that reduces climatic risk
for smallholder farmers in central Mozambique. Field Crop Research, 136, pp.12-22.

Sagar Maitra, Tanmoy, Shankar and Pradipta, Banerjee, 2020. Potential and Advantages of
Maize-Legume Intercropping System. Maize-Production and Use, pp.1-14.

SAS Institute, 2002. The SAS system for Windows: Version 9.1. SAS Inst., Cary, NC

Schaafsma, A.W., Tamburic, Ilincic, L. and Hooker, D.C., 2005. Effect of previous crop, tillage,
field size, adjacent crop, and sampling direction on airborne propagules of Gibberella zeae
/Fusarium graminearum, Fusarium head blight severity, and deoxynivalenol accumulation

in winter wheat. Canadian Journal of Plant Pathology, 27, pp. 217-224.

59



Scheidegger, K. A. and Payne, G. A., 2003. Unlocking the secrets behind secondary metabolism:
a review of Aspergillus flavus from pathogenicity to functional genomics. Journal of
Toxicology: Toxin Reviews, 22, pp. 423-4509.

Schulthess, F., Chabi-Olaye, A., and Gounou, S., 2004. Multi-trophic level interactions in a
cassava —maize mixed cropping system in the humid tropics of West Africa. Bulletin of
Entomological Research, 94, pp.261-272.

Scott, P.M., 2004. Other mycotoxins. In Mycotoxins in Food; Magan, N., Olsen, M., Eds.;
Woodhead Publishing Ltd. and CRC Press: Boca Raton, pp. 406-440.

Seebauer, J.R., Moose, S.P., Fabbri, B.J., Crossland, L.D. and Below, F.E., 2004. Amino acid
metabolism in maize ear shoots: implications for assimilate pre conditioning and nitrogen
signaling. Plant Physiology, 136, pp. 4326-4334.

Seran, TH and Brintha 1., 2010. Review on maize based intercropping. Journal of Agronomy,
9(3) pp.135-145.

Shiferaw, B., Prasanna, B.M., Hellin, J. and Béanziger, M., 2011. Crops that feed the world. Past
successes and future challenges to the role played by maize in global food security. Food
security, 3(3) pp.307-327.

Shurtleff, M.C., 1980. Compendium of Corn Diseases. 2" Edition, American Phyto-
pathological Society. p105.

Sida, T.S., Baudron, F., Kim, H. and Giller, K.E., 2018b. Climate-smart agroforestry: Faidherbia
albida trees buffer wheat against climatic extremes in the Central Rift Valley of Ethiopia.

Agriculture Forestry Meteorology, 248, pp.339-347.

60



Simpson, D.R., Weston, G.E., Turner, J.A., Jennings, P. and Nicholson, P, 2001. Differential
control of head blight pathogens of wheat by fungicides and consequences for mycotox in
contamination of grain. European Journal Plant Pathology, 107, pp. 421-431.

Souza, T.M., Bernd, L.P., Okumura, R.S., Takahashi, H.W., Ono, E.Y.S. and Hirooka, E.Y.,
2016. Nitrogen fertilization effect on chemical composition and contamination by fungal-
fumonisin of maize kernels. Revista Brasileira de Ciéncias Agrarias, 11(3), pp.218-233.

Stajich, JE, Berbee, ML, Blackwell, M., Hibbert, DS, James, TY, Spatafora, JW and Taylor,
JW, 2009. Primer — The Fungi. Current Biology, 19, pp.840-845.

Strosnider, H., Azziz-Baumgartner, E., Banziger, M., Bhat, R.V., Breiman, R., Brune, M., and
Wilson, D., 2006. Workgroup report: public health strategies for reducing aflatoxin
exposure in developing countries. Environmental Health Perspectives, 114, pp.1989-1903.

Tédihou, E., Olatinwo, R., Hell, K., Hau, B., and Hoogenboom, G., 2012. Effects of variety,
cropping system and soil inoculation with Aspergillus flavus on aflatoxin levels during
storage of maize. Tropical Plant Pathology, 37, pp. 25-36.

Taniwaki MH, Pitt JI, Magan N, 2018. Aspergillus species and mycotoxins: occurrence and
importance in major food commodities. Current Opinion in Food Science, 23: 38-43.
Tsedaley, B and Adugna, G, 2016. Detection of Fungi Infecting Maize (Zea mays L.) Seeds in
Different Storages around Jimma, Southwestern Ethiopia. Journal Plant Pathology and

Microbiology, 7 (3).

Tsehaye H, MB Brurberg, L Sundheim, D Assefa, A, Tronsmo, and AM Tronsmo. 2017. Natural

occurrence of Fusarium species and fumonisin on maize grains in Ethiopia. European

Journal of Plant Pathology, 147, pp.141-155.

61



Van Huis, A., 1981. Integrated Pest Management in the Small Farmer's Maize Crop in
Nicaragua. PhD Thesis. Wageningen.

Vesterager, J. M., Nielsen, N. E. and Hogh-Jensen, H., 2008. Effects of cropping history and
phosphorus source on yield and nitrogen fixation in sole and intercropped cowpea- maize
systems. Nutrients Cycling Agro-systems, 80, pp.61-73.

Vinale, F., Sivasithamparam, K., Ghisalberti, E.L., Marra, R., Woo, S.L. and Lorito, M. 2008.
Trichoderma-plant-pathogen interactions. Soil Biology and Biochemistry, 40, pp.1-10.
Wagacha, J.M., and Muthomi, J.W., 2008. Mycotoxin problem in Africa: Current status,
implications to food safety and health and possible management strategies. International

Journal of Food Microbiology, 124, pp.1-12.

Wani, A. A.; Joshi, J., Titov, A. and Tomar, D.S., 2014. Effect of Seed Treatments and Packing
Materials on Seed Quality Parameters of Maize (Zea mays L.) during Storage. Indian
Journal Applied Research. 4(4) pp.102-108.

Waskiewicz, A., Beszterda, M. & Golinski, P. 2012a. Occurrence of fumonisins in food—an
interdisciplinary approach to the problem. Food Control, 26(2) pp.491-499.

Waskiewicz, A., Wit, M., Golinski, P., Chelkowski, J., Warzecha, R., Ochodzki, P. and

Wakulinski, W., 2012b. Kinetics of fumonisin B1 formation in maize ears inoculated with
Fusarium verticillioides. Food Additives & Contaminants: Part A, 29(11) pp.1752- 1761.
White, D.G., 2000. Root rots. Compendium of corn diseases. Third edition. APS Press. P, 78
Williams, L.D., Glenn, A.E., Zimeri, A.M., Bacon, C.W., Smith, M.A. and Riley, R.T., 2007.
Fumonisin disruption of ceramide biosynthesis in maize roots and the effects on plant
development and Fusarium verticillioides-induced seedling disease. Journal of agricultural

and food chemistry, 55(8) pp. 2937-2946.

62



Worku, M., S., Twumasi, Afriyie, W., Legesse, E., Berhanu, Tadesse, G., Demisie, G., Bogale,
G., Dagne, Wegary and B. M. Prasanna., 2012. Meeting the challenges of global climate
change and food security through innovative maize research. Third National Maize
Workshop of Ethiopia; Addis Ababa, Ethiopia.

Xiang, K., Zhang, Z.M., Reid, L.M., Zhu, X.Y., Yuan, G.S., and Pan, G.T., 2010. A meta-
analysis of QTL associated with ear rot resistance in maize. Maydica, 55, pp.281-290.
Zablotowicz, R.M., Abbas, H.K., and Locke, M.A., 2007. Population ecology of Aspergillus
flavus associated with Mississippi Delta soils. Food Additive and Contaminants, 24,

pp.1102-1108.

Zhao, Q., De-Huli, Z., Zhi-Ping, F., Zhan-Yuan, Y., Ya-Lin, H. and Jianwei, Z., 2009. Seasonal
variations in phosphorus fractions in semi-arid sandy soils under different vegetation types.

For. Ecol. Manag, 258, pp.1376-1382.

63



7. APPENDICES

Appendix table 1: Mean squares of ANOVA for maize grain contaminating fungal frequency
affected by forage legume intercropping and fertilizer application.

Source variation  df AF FV FG FS PC PCH
block 2 0.23™  6.30™  0.23™  0.93™ 0.10™  0.13™
fertilizer 1 17.63° 23520" 116.03° 93.63° 163"  36.30°
intercrop 4 321" 7420 1571° 361" 3.28"  2.05
Ferti* inter 4 0.55™  6.86™  1.78™  1.38™ 0.38™  0.71™
Error 18 0.47 2.21 0.99 0.63 0.18 0.44
CVv 15.54 12.61 17.81 17.17 32.9 20.55

**=Sijgnificant: ns= non-significant at (P < 0.05); DF=degree of freedom; CV=coefficient of
variation; AF Aspergillus fluvs, FV= Fusarium verticilloides, FP= Fusarium proliferatus, G =
Fusarium graminreaum, PC= penicillium citricum, PCH Penicillium chysogenum,

Appendix table 2: Mean squares of ANOVA for maize grain contaminating fungal frequency
affected by interaction of forage legume intercropping and fertilizer application

Source variation df AN FO RH
block 2 0.4" 0.03™ 0.03™
fertilizer 1 3.3 0.8 0.53"
intercrop 4 6.7 0.5° 0.53"
Ferti™ inter 4 0.75" 0.5" 0.53"
Error 18 0.17 0.075 0.03
CVv 11.0 23.47 16.1

**=Significant: ns= non-significant at (P < 0.05); DF=degree of freedom; CV=coefficient of
variation; AN = Aspergillus niger, FO= Fusarium oxysporum, RH= Rhizopous stolonifer
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Appendix table 3: Mean squares of Selected Forage Legume Intercropping on Fungal
Population in Soil Meant for Maize Production.

Source DF AN AF PC PCH FS MU RH TRI

block 2 4375™ 770.8"™  270.8™ 187.5™ 62.5™ 83.3"  3000™ 20.8™
Fertilizer 1  333.33™ 83.3™ 83.3™  750™ 83.3™ 333.3® 0™ 20.8™
intercrop 4  6166.6° 21645.8° 385.4° 8645.8" 14791.6° 11145 291.6™ 604.1™
Fer*inte 4  20.8™ 500 239.5™ 20.8™  83.3™ 177.0™ 0.0™ 20.8
Error 18 520.8 13275 479.16 2916  833.3 458.2  1416.6 916.6

Cv 13.4 16.36 19.6 9.75 2.8 19.17 2788 23.14

**=Sijgnificant: ns= non-significant at (P < 0.05); DF=degree of freedom; CV=coefficient of
variation; AN = Aspergillus niger, AF Aspergillus fluvs, FSS= Fusarium species PC=
penicillium citrinum, PCH Penicillium chysogenum, MU mucor spp RH Rhizopous stolonifer
and TRI= trichoderma spp

Appendix table 4. Major soil characteristics of experimental site

Soil parameters Value Rating References

Physical properties

Sand (%) 59.17
Silt (%) 34
Clay (%) 6.83
Textural class Sandy loam
Chemical properties
pH 6.28 Slightly acidic )
EC (dS/m) 0.013
TN (%) 0.155 Low Landon (1991)
OC (%) 1.859 Low Karltun (2013)
P (mg/kg) 9.164 Medium Landon (1991)

TN = Total nitrogen, P = phosphorus, OC= organic carbon, EC= exchanging capacity

65



