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SUMMARY 
 

Maize, the most important cereal globally in terms of nutrition and income, is highly susceptible to biotic stresses caused by various pathogens, 

including fungi, bacteria, viruses, nematodes, and parasitic plants. This review gives an account of the epidemiology, diversity, and effect of fungal 

diseases on maize, with a focus on common pathogens, namely Ustilago sp. and Fusarium sp. Additionally, the review explores the major 

contributors to the pathogen and disease development, namely: soil quality, temperature, and humidity. Clarity is made herein about the damages 

and effects on maize growth, including development, yield, and grain quality, with marked economic losses recorded annually. The increasing 

threat of climate change escalates the dangers, pointing out the urgency for sustainable control strategies of the diseases. Conventional methods 

of using chemicals have been rendered inadequate for maize fungal disease control, underscoring the need for applying biopesticides and natural 

products obtained from microorganisms as innovative, remediation strategies. Together with these innovations are biocontrol agents that provide 

better solutions for reducing the reliance on chemical formulations as well as strengthening a healthier agricultural environment. Finally, a 

comprehensive understanding of the interaction between maize pathogens and environmental determinants is vital for the development of more 

effective integrated pest management strategies to enhance maize productivity and subsequent food safety.   

 

Keywords: maize; fungal disease; grain quality; crop yield 

 
 

INTRODUCTION 
 
Maize (Zea mays L.), produced heavily in 2019 and 

2020 on a global scale, according to the International 
Grains Council (2019), makes it the most important 
cereal crop. As noted by Zhan et al. (2022), the maize 
has been grown for hundreds of years, primarily by 
smallholder farmers. The crop is known to be susceptible 
to biotic stresses that are associated with pathogenic 
organisms, namely; bacteria, fungi, nematodes, viruses, 
and parasitic plants. Kramer et al. (2020) describes the 
economic losses caused by those pathogens through 
damage of the crop, many of which are related to growth, 
development, yield, and the quality of grain. 
Approximately 112 different diseases commonly affect 
a maize crop, and nearly 70 of these are spread through 
maize seed (Xu et al., 2021). 

One category, maize fungal diseases, use their 
various forms to damage maize on a wide scale since 
they are able to spread and proliferate under specific 
conditions of environment in various places around the 
world. Some diseases thrive in warm, humid climates, 
while others prefer cooler, humid environments. Among 
the most damaging seed-borne fungal diseases impacting 
maize are Gibberella stalk rot, Fusarium stalk rot, false 
head smut, head smut, late wilt, and black bundle disease 
(Rehman et al., 2021). Other significant fungal infections 
include charcoal stalk rot, Anthracnose stalk rot, 
Fusarium and Gibberella ear rots, Aspergillus ear rot, 
charcoal ear rot, Penicillium ear rot, gray ear rot, 
Nigrospora ear rot, common smut, downy mildew, black 
kernel rot, Horse's tooth disease, Alternaria leaf blight, 
and Acremonium zeae stalk rot (Cimmyt, 2004). 

Among these, some of the most noteworthy and 
prevalent seed-borne and seed-transmitted fungal 
diseases include black bundle, Anthracnose rots, black 

kernel rot, crazy top downy mildew, brown stripe downy 
mildew, ear and root rot, Java downy mildew, Horse’s 
tooth disease, Nigrospora ear rot, Philippine downy 
mildew disease, and Penicillium ear rot (Rehman et al., 
2021). These diseases pose significant threats to maize 
crops by reducing yield, quality, and overall plant health, 
and are often difficult to control once established in the 
field. Farmers lose between 10 and 23% of their crops to 
fungal infection each year, despite widespread use of 
antifungals (Stukenbrock and Gurr, 2023). These fungi 
cause losses sufficient to feed 600 million people with 
2000 calories per day for an entire year (Stukenbrock and 
Gurr, 2023), and with climate change, the number of 
people left without food will increase (Stukenbrock and 
Gurr, 2023) if no measures are adopted against maize 
fungal pathogens, as shown in the bibliometric network 
of Figure 1. 

Consequently, the physiological, nutritional, and 
biochemical processes of plant disease require thorough 
research that informs development of justifiable 
methodologies for control. Matos et al. (2024) explain 
the importance of comprehensive exploration of those 
processes as a guide to disease management and proper 
adjustment of environmental conditions that contribute 
to crop plant health. Additionally, Khan et al. (2017) 
suggest many approaches for controlling 
phytopathogens, and Rahman (2018) adds more 
alternatives to biological control. Biopesticides and 
natural products obtained from microorganisms could 
effectively control fusarium and several other maize 
fungal pathogens. These substances are incorporated 
into maize growing to provide an agricultural system in 
an objective, flourishing environment that is 
characterised by freedom from harmful chemicals 
(Pereira et al., 2009). 



OSMAN, M. M. A. ET AL. ACTA AGRARIA DEBRECENIENSIS 2025-2 

DOI: 10.34101/ACTAAGRAR/2/15262 
 

94 

In light of the above, this mini review aims to 
highlight the types, infection processes, and effects of the 

common fungal diseases on the productivity and quality 
of maize crop and grain respectively.

 

Figure 1. Bibliometric network of maize fungal pathogens 

 

 
 

MATERIALS AND METHODS 
 
A comprehensive literature review was conducted 

using Scopus, Web of Science, and Google Scholar 
databases, covering publications from 1990 to 2024. 
Search terms included combinations of “maize” or 
“corn” with “fungal pathogens,” “yield loss,” 
“mycotoxins,” “aflatoxins,” “fumonisins,” and 
“management strategies.” 
 
Inclusion Criteria:  

Only peer-reviewed articles, authoritative reports, 
and reviews focusing specifically on maize fungal 
diseases were included. Studies addressing 
symptomatology, epidemiology, mycotoxin risks, yield 
impacts, and integrated disease management 
approaches were considered relevant. 
 
Exclusion Criteria:  

Excluded from the review were non-peer-reviewed 
or anecdotal reports, as well as research unrelated to 
maize or lacking sufficient data.  

Data were organized into thematic categories: 
major fungal pathogens, symptomatology, yield and 
economic impact, mycotoxin production, and 
management methods. Cross validation was done 
across multiple sources for accuracy and consistency. 

 
REVIEW RESULTS 

 
Overview of Major Fungal Pathogens and Diseases 
in Maize 

Maize is susceptible to a wide range of fungal 
pathogens that affect various parts of the plant during 
all growth stages. Foliar diseases such as Gray Leaf 
Spot (Cercospora zeae-maydis), Northern Corn Leaf 
Blight (Exserohilum turcicum), and Southern Corn 

Leaf Blight (Bipolaris maydis) cause defoliation, 
reduce photosynthetic capacity, and can lead to 
premature plant death (Savary et al., 2019; Nisbo et al., 
2024). Ear rots, caused by fungi such as Fusarium 
species (Fusarium verticillioides, F. graminearum), 
Aspergillus (Aspergillus flavus) (Robertson-Hoyt et al., 
2007), and Diplodia (Stenocarpella maydis), smut corn 
(Ustilago maydis), Maize rust (Puccinia sorghi), 
Anthracnose stalk rot (Gromerella graminicola), 
Charcoal corn rot (Macrophomina phaseolina), Late 
wilt (Magnaporthiopsis maydis), not only reduce grain 
quality but are frequently associated with the 
production of  harmful  mycotoxins such as fumonisins, 
aflatoxins (Robertson-Hoyt et al., 2007), and 
deoxynivalenol (DON) (Thompson and Raizada, 
2018). 

 
Common fungal diseases 

Ear rot 
Ear (and/or kernel) rot in maize is commonly caused 

by fungal species such as Fusarium verticillioides, 
Fusarium graminearum, and Fusarium subglutinans. 
The fungal species can infect a maize crop, particularly 
under warm, humid environment at all stages pre and 
post-harvest, according to Miller (1994). Together with 
Logrieco et al. (2002), Miller (1994) notes several 
species associated with Fusarium disease although, in 
Europe, Fusarium culmorum is more particular. More 
researchers (Bottalico, 1998; Koehler, 1959; Logrieco 
et al., 1993; Smith and White, 1988) identify the 
predominance of Gibberella ear rot in places that are 
cooler and with higher precipitation during the growing 
season of the maize crop. The same pathogens are also 
able to flourish in environments pronounced by heavy 
rainfall and high temperatures that comprise warmth 
and substantial humidity. These conditions facilitate 
the production of aflatoxins and fumonisins that are 
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harmful enough to contaminate maize produce, 
rendering it unfit for consumption (Falade et al., 2022). 
The substances not only endanger life but they also 
negatively affect the economic status of farmers and 
countries. According to Mukanga et al. (2010), 
international markets tend to reject contaminated maize 
and its related products and, most times, the produce is 
sold at lower prices due to its poor quality. Mukanga et 
al. (2010) additionally cite Zambia and Tanzania as 
countries having scaring levels of mycotoxins, as per 
the tested maize samples, which is a threat to the health 
of the population. Concerning spread, these pathogens 
originate from inoculum sources such as insects, 
airborne spores, soil, and crop residues, and easily 
move to vast distances (Mehl and Cotty, 2010). 
Specifically, about 10 to 40% losses are recorded in 
maize yield as a result of contamination by fumonisins, 
particularly in Sub-Saharan Africa (Chilaka et al., 
2022). Symptoms of maize ear rot diseases vary 
significantly depending on the causal fungal agent, the 
maize genotype, and the severity of the disease, which 
can differ from region to region. Symptoms of 

Fusarium ear rot is white to pink or salmon colored 
mold at the tip of the ear (Wang et al., 2014) as shown 
in Figure 2. As fungal pathogens continue causing 
significant losses to maize crop, the need for the 
effective management of Fusarium and related 
pathogens is crucial for the attainment of crop safety 
and productivity. According to Nayaka et al. (2009) and 
Guimarães et al. (2020), such management can lower 
the rate of mycotoxin contamination on maize kernels. 

The practices for managing Fusarium infections 
may pose environmental challenges. For instance, 
according to Mielniczuk et al. (2020), chemical 
fungicides can lead to environmental pollution and 
increased growth of strains that are resistant to 
fungicides. This makes crop rotation and tillage 
approaches more suitable for the management of 
Fusarium and related fungal pathogens in maize 
(Marburger et al., 2015). Relatedly, the use of multiple 
strategies, especially Integrated Pest Management 
(IPM), has proved effective against fungal pathogens 
through reduced reliance on chemicals (Mesterházy et 
al., 2017).

 

Figure 2. Symptoms of ear rot in maize cobs (CIMMYT, 2004) 

 

 

 
Maize smut 

This disease, sometimes referred to as common smut 
corn is caused by Ustilago maydis. As stated by 
Merkevičiūte-Venslovė et al. (2023), the disease affects 
maize crop by reducing the yield and its quality of 
forage. High temperature and low moisture conditions 
are favorable for its development. U. maydis is a 
parasitic, biotrophic fungus and a plant pathogen, mainly 
infecting gramineous plants (Zou et al., 2022). The 
fungus infects primarily gramineous (grass-like) plants, 
including maize, and results in the formation of tumor-
like galls. These galls can vary significantly in size, from 
less than 1 cm to over 30 cm in diameter. The fungus can 
infect all meristematic tissues of the plant, including ears, 
tassels, stalks, shoots, (Pataky and Snetselaar, 2006). 
Corn smut is considered a delicacy in some parts of the 
world, it can lead to significant economic losses, 

particularly in maize production. Aydogdu and Boyraz 
(2011) found that maize infected with corn smut 
experienced a 33% yield loss, which could have serious 
implications for food supply, as maize serves as a key 
food source for both humans and animals. Among the 
different varieties of maize, sweet maize is the most 
vulnerable to the disease. In addition to reduced yield, 
the unsightly appearance of maize smut makes the 
affected crops difficult to market, further exacerbating 
the economic impact. Maize smut caused by Ustilago 
maydis cannot be effectively controlled by common 
fungicides; however, several management strategies can 
help mitigate its impact (Mohan, 2013). These include 
using resistant maize varieties, practicing crop rotation, 
preventing mechanical damage to plants, and managing 
soil nitrogen levels. Djawu (2017) suggests a long-term 
strategy of using crop rotation and clearing debris from 
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planting areas as an effective long-term strategy against 
maize smut. Such strategy can help farmers to control the 
disease in a better manner while reducing adverse effects 
on overall production of the crop. 

Maize rust 
Also known as Puccinia sorghi Schw., common 

maize rust is prevalent in regions having an elevation of 
1500 to 2000 metres above sea level. The disease 
significantly affects the foliar parts of the crops, affecting 
the production of maize at a global scale. Generally, the 
disease has been recorded in areas that produce maize on 
a wide scale such as Ethiopia, East Africa, Latin 
America, United States, Asia, Mexico, Australia, and 
Canada (Schieber, 1965). 

The causal agent of Puccinia sorghi Schw. is 
Puccinia sorghi, which is a rust fungus damaging maize 
plants by creating leaf lesions. Zúñiga-Silvestre et al. 
(2020) note that the disease reduces photosynthetic 
efficiency, which may advance to significant yield loss 
of the crop. According to Programa de Maíz (2004), the 
disease thrives in warm and humid weather, and notably 
causes great economic losses in maize cultivation. 
However, the critical levels of the disease vary from one 
year to the other, posing little impact in cases. Due to 
such wide distribution and variation in severity, farmers 
need to monitor the occurrence of maize rust and 
formulate integrated control strategies that facilitate 
improved crop yield. These include, but not limited to, 
good agricultural practices, resistant maize varieties, and 
application of appropriate fungicide. 

Anthracnose stalk rot 
This is a fungal disease caused by Glomerella 

graminicola, and affects the whole maize plant. At any 
time, this disease can show its symptoms during the 
growing season. Usually, this disease can be easily 
observed in the form of stalk rot or leaf blight (Tesso et 
al., 2012). Symptoms may appear several weeks after 
tassels formation on maize during mid-season. The 
outstanding symptom is the top dieback, which occurs 
after spread of the disease to several points of the crop 
plant. The whole plant will become necrotic and die in 
this dieback, starting from the tassel and then spreading 
through the whole stalk and the lowest leaves. The 
production grain loss due to this disease is estimated to 

vary from 0 to 40% depending on the climate, disease 
timing, hybrid, and other stress factors (Fazal et al., 
2021). Crop rotation on maize, especially for a minimum 
of one year, is effective for the management of a similar 
fungal infection, Colletotrichum graminicola, on maize. 
The study supports the reduction of the pathogen on soil 
surfaces, which interrupts the life cycle of the organism. 
More strategies can help mitigate the disease and the 
saprophytic stage of the pathogen, and these include pest 
management, burying of maize residues through deep 
ploughing, and growing of resistant hybrid cultivars. 
Biological control could facilitate the inhibition of 
conidial spore infection using yeasts; however, this 
strategy requires thorough study especially if 
applications are to be performed on a large scale (Jirak-
Peterson and Esker, 2011). A combination of these 
strategies, thus, can specifically provide a clear approach 
to the control of leaf blight maize anthracnose. 

Charcoal corn rot disease 
This is an infection associated with Macrophomina 

phaseolina (Tassi), a soil borne pathogen. The disease 
affects the production of maize globally and leads to 
marked economic losses in major maize growing 
regions, as shown in the global distributions of charcoal 
rot of maize in Figure 3. Prevalence of the disease is in 
warm, dry regions, where it affects crop yield and quality 
severely (Harlapur et al., 2023). The fungus thrives under 
soil conditions that promote repeated germination of 
microsclerotia during the crop’s growing season. 
However, a low C: N soil ratio, high bulk density, and 
high quantity of soil moisture can deter adverse survival 
of the organism. The fibrovascular structure of the host’s 
roots and basal internodes is compromised by M. 
phaseolina, which disrupts the transport of water and 
nutrients to the upper parts of the plant (Rehman et al., 
2021). Consequently, infection by M. phaseolina leads 
to premature plant death, progressive wilting, decreased 
yield, and diminished vigor. Pathogen is also responsible 
for a range of diseases, including damping off, charcoal 
rot, seedling blight, basal stem rot, root rot, and stem rot 
(Babu et al., 2007). Similar strategies such as organic 
amendments, seed treatment, genetic host resistance, and 
cultural practices can be used to control charcoal corn rot 
disease (Gupta et al., 2012).

 
Figure 3. Global distributions of charcoal rot of maize (CIMMYT 2004) 
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Late wilt disease 
Late wilt is a vascular disease caused by the 

pathogen Magnaporthiopsis maydis (Degani, 2021). 
Late wilt was reported in Egypt (1961), India (1970), 
Hungary (1998), Spain and Portugal (2011), Israel 
(2018) and possibly in Nepal (2015) (Pecsi and 
Nemeth, 1998; Molinero et al., 2011; Drori et al., 2013; 
Subedi, 2015). The infection occurs within the first 
three weeks of growth (Degani, 2021). The fungi easily 
infect young maize sprouts through the roots (Degani, 
2021). The fungus penetrates the maize roots and 
moves into the vascular system 21 days after sowing 
(DAS) (Degani, 2021), as shown in the symptoms of 
late wilt disease (LWD) of maize in Figure 4. The 
disease is characterized by a fast wilting of maize plants 
from the tasselling stage until just before maturity 

(Degani and Gordani, 2022). The management of late 
wilt disease in maize involves a combination of 
cultural, biological, and chemical practices. Integrating 
resistant varieties, crop rotation, proper soil 
management, and early detection can significantly 
reduce the impact of the disease. Magnaporthipsis 
infections can be managed through a multidimensional 
strategy, the result of which will be health maize crops 
and high crop yield. However, with limited impact on 
severe disease outbreaks, biological control agents like 
Trichoderma spp. can be a reliable solution against wilt 
infections. In many instances, biological and chemical 
control methods can be integrated to provide the farmer 
with synergy amidst minimal limitations (Gordani et 
al., 2023).

 

Figure 4. Symptoms of late wilt disease (LWD) of maize.  (A) Wilt symptoms appear on lower leaves and stems in the field. (B) 

Cross-section magnification shows vascular bundles turn red-brown. Insert: cross section with green frame marking magnification 

area, green arrow points to surface color change. (C) Red strips from vascular bundles visible on lower stem surface. (D) Cross 

section of wilt diseased plants shows yellow-brown tissue and occluded vascular bundles (Degani, 2022) 

 

 

 
Effects of diseases on maize production 

Fungal diseases represent a significant constraint on 
global maize production, causing considerable losses in 
both yield quantity and quality (Mitrović et al., 2025). 
The extent of damage depends on factors such as the 
specific pathogen involved, environmental conditions, 

maize genotype, and the timing of infection. Foliar, 
stalk, and ear rot fungi impair photosynthesis, disrupt 
nutrient transport, and hinder grain development, while 
some pathogens also induce the accumulation of 
harmful secondary metabolites like aflatoxins and 
fumonisins (Ferrigo et al., 2016). Yield reductions due 
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to fungal diseases can vary widely, ranging from 5% to 
over 60% depending on disease pressure. For example, 
Gray Leaf Spot (GLS) and Northern Corn Leaf Blight 
(NCLB) can cause yield losses of 10–25% and 30–
60%, respectively, under favorable conditions (Sibiya 
et al., 2012; Rehman et al., 2021). Ear rot diseases such 
as Fusarium and Aspergillus not only reduce yield by 
up to 50% but also degrade grain quality and seed 
viability (Chen et al., 2023). Historically, Southern 
Corn Leaf Blight caused catastrophic crop failures in 
the United States during the 1970 epidemic, 
highlighting the potential for rapid economic 
devastation from foliar pathogens (Bruns, 2017). A 
critical concern is the contamination of maize with 
mycotoxins produced by pathogens such as Fusarium 
spp. (fumonisins) and Aspergillus flavus (aflatoxins), 
which pose serious health risks due to their 

carcinogenic, immune suppression and liver damage 
(Khan et al., 2024). The economic impact of fungal 
diseases is twofold: direct yield losses in the field and 
indirect costs related to quality degradation, mycotoxin 
testing, trade rejections, and health expenses. In maize 
dependent countries, these losses threaten food 
security, income stability, and rural livelihoods 
(Almeida et al., 2019). Smallholder farmers in 
developing regions are especially vulnerable due to 
limited access to resistant varieties, fungicides, and 
improved storage technologies. Given maize’s role as a 
staple crop, disease outbreaks can precipitate acute 
food shortages, elevate market prices, and reduce 
household nutrition (Biswal et al., 2022). The fungal 
pathogens of maize and their effects on yield and 
quality are shown in Table 1. 

 

Table 1. Fungal pathogens of maize and their effects on yield and quality 

 

Disease Pathogen Symptoms Yield Loss 

(%) 

Mycotoxins 

Production 

Reference 

Ear rot 

Fusarium verticillioides, 

Fusarium graminearum, 

and Fusarium 

subglutinans 

White to pink or salmon 

colored mold at the ear tip 
5–15 Yes 

(Chilaka et al., 2022; 

Ako et al., 2003) 

Maize smut Ustilago maydis 
Galls formation like 

mushroom 
33 No 

(Merkevičiūte-

Venslovė et al., 2023) 

Maize rust Puccinia sorghi Leaf lesions 18–49 No (Kohkhar et al., 2014) 

Anthracnose stalk 

rot 
Glomerella graminicola Top dieback 0–40 No 

(Kleczewski, 2014, 

Tesso et al., 2012) 

Charcoal ear rot 
Macrophomina 

phaseolina 

Damping off, stalk and 

root rot 
20–30 No 

(Mueller et al., 2016; 

Babu et al., 2007) 

Late wilt disease Macnaporthiopsis maydis 
Wilt near flowering; stalk 

reddish-brown 
40–100 No (Degani, 2021) 

Aspergillus Ear 

and kernel Rot 
Aspergillus flavus 

Yellow-green spores; 

reddish-gold leaf 

underside 

10–30 Yes 
(Mukanga et al., 

2010) 

Southern corn leaf 

blight 
Bipolaris maydis 

Ear killed prematurely, 

cob rot 
30–50 No (Bruns, 2017) 

Corn gray leaf spot Cercospora zeae-maydis Leaf grey lesions 10–25 No (Sibiya et al., 2012) 

Northern Corn 

Leaf Blight 
Exserohilum turcicum 

Purple/dark brown leaf 

discoloration 
30–60 No (Rehman et al., 2021) 

 

 
Integrated disease management (IDM) 

Integrated fungal disease management (IDM) in 
maize is a comprehensive approach that combines 
multiple control strategies to effectively minimize the 
impact of fungal pathogens such as Fusarium 
verticillioides, Puccinia sorghi, and Exserohilum 
turcicum, which cause diseases like ear rot, common 
rust, and northern corn leaf blight (Gurjar et al., 2018). 
This strategy involves the integration of cultural 
practices such as crop rotation, selection of resistant or 
tolerant varieties, deep ploughing, and sanitation by 
removing crop debris to reduce inoculum sources 
(Khoury and Makkouk, 2010). Tillage practices 
decrease the inoculum potential of the fungus because 
the fungus survives best on residue left on or above the 

soil surface (Gurjar et al., 2018). Biological control 
agents have been reported to play a crucial role in 
effectively managing fungal plant pathogens (Zhang et 
al., 2013). Biological control agents, for example 
Trichoderma viride, Trichderma harzianum are 
employed as seed treatments and soil amendments to 
suppress fungal pathogens naturally (Yassin et al., 
2021). Chemical fungicides, applied judiciously in 
foliar sprays (e.g., Azoxystrobin + Difenoconazole, 
Tebuconazole), complement these methods to enhance 
control efficiency and reduce disease severity. Field 
studies have demonstrated that such IDM modules 
significantly lower disease incidence and severity, 
promote healthier plant growth indicated by increased 
plant height and cob number, and ultimately result in 
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higher grain and fodder yields compared to untreated 
controls. This combination of biological, cultural, and 
chemical interventions under IDM not only ensures 
sustainable disease control but also improves the 

economic returns and environmental safety of maize 
production systems (Ons et al., 2020) as shown in 
Figure 5. 

 

Figure 5. Integrated fungal Disease Management in Maize Production 

 

 
Source: Authors 

 
CONCLUSIONS 

 
Pathogenic fungal pathogens are a global threat to 

the growing of maize, in terms of losses in yield. This 
state informs the need for combining multiple 
approaches, namely: cultural, biological, and chemical, 
with a focus on integrated disease management. These 
approaches are effectively applied to specific 
environments and pathogen dynamics to control 
Fusarium and other fungal related maize pathogens. 
Basing on all the several strategies, a holistic approach 
aims to provide agricultural sustainability and food 
safety, while improving maize crop health and reducing 
the contamination of maize produce by mycotoxin. 
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