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ABSTRACT 
 

Wheat, a vital staple crop feeding 35% of the global population, faces significant threats from plant 
diseases and climate change, with Fusarium Head Blight (FHB) being one of the most severe 
challenges. FHB, primarily caused by Fusarium graminearum, leads to substantial yield losses and 
mycotoxin contamination, particularly deoxynivalenol (DON) and zearalenone (ZEA), which pose 
serious health risks and complicate international trade. In Ethiopia, FHB prevalence can reach up to 
90% in regions with high humidity and warm temperatures during wheat anthesis, severely affecting 
grain quality. Over 20 Fusarium species have been identified in the country, further raising concerns 
about mycotoxin contamination. Current management strategies include cultural practices such as 
crop rotation and tillage, fungicide applications, and breeding for resistance. However, these 
methods are not fully reliable, and integrated approaches are essential to sustainably manage FHB 
and mitigate resistance development. This review synthesizes existing research on FHB, focusing 
on its impact in Ethiopian agriculture and exploring effective management strategies to improve 
wheat productivity and food security. 
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1. INTRODUCTION 
 
Wheat is a vital staple crop, feeding 
approximately 35% of the global population, with 
annual production surpassing 700 million tons. 
By 2050, global wheat production must 
significantly increase to meet the demands of an 
estimated population of 9 billion. Wheat is the 
most vital staple food, giving roughly 55% of the 
starches and over 20% of the food calories 
[30,77-79]. However, wheat production is 
increasingly threatened by plant diseases and 
climate change, with Fusarium Head Blight 
(FHB) standing out as one of the most severe 
challenges. Wheat is an important staple and 
cash crop in Ethiopia, helping to increase 
income, food security, employment and national 
GDP growth [1]. Fusarium Head Blight, primarily 
caused by Fusarium graminearum, is a 
destructive disease that affects wheat and other 
cereals globally, leading to substantial yield 
losses and mycotoxin contamination [4,7]. These 
mycotoxins, particularly deoxynivalenol (DON) 
and zearalenone (ZEA), pose serious health 
risks to humans and animals and affect grain 
quality, complicating international cereal trade 
due to stringent regulatory limits [62,68,70]. The 
FHB species complex includes over 19 Fusarium 
species, which thrive under favorable 
environmental conditions during wheat anthesis, 
causing extensive blight symptoms and 
significant yield reductions [29]. 
 

In Ethiopia, FHB prevalence can reach up to 
90% in regions with high humidity and warm 
temperatures during wheat anthesis [54]. The 
disease, primarily caused by Fusarium 
graminearum and Fusarium culmorum, leads to 
premature bleaching of spikelets, shriveled 
kernels, and reduced grain quality. The 
management of FHB is challenging due to the 
pathogen's ability to spread over long distances 
by air and the coinciding favorable conditions 
during wheat flowering [12,26,49]. 
 

Current management strategies are limited, with 
no single reliable method available. Integrated 
approaches combining host resistance, cultural 
practices, and chemical control have shown 
some effectiveness, but comprehensive 
research, particularly in Ethiopia, remains scarce 
[47]. Despite advances in molecular techniques 
and hyperspectral imaging, which offer promising 
tools for early detection and management of 

FHB, the need for further research on FHB in 
Ethiopia is critical [1]. 

 
This review aims to synthesize existing research 
on Fusarium Head Blight, with a particular focus 
on Ethiopian agriculture. By examining the 
impact of FHB and exploring effective 
management strategies, this review seeks to 
contribute to improving wheat productivity and 
ensuring food security in Ethiopia and other 
regions affected by this devastating disease. 

 
2. EPIDEMIOLOGY OF FUSARIUM HEAD 

BLIGHT 
 
FHB development is heavily influenced by 
environmental conditions, particularly during and 
after anthesis. Fusarium graminearum produces 
ascospores and macroconidia in perithecia and 
sporodochia, respectively, with ascospores 
serving as the primary inoculum source for 
epidemics [58]. Warm temperatures and high 
humidity favor complete head blighting within 2 to 
4 days post-infection [22]. The optimal 
temperature for ascospore formation ranges from 
25°C to 28°C, while infection occurs between 
20°C and 30°C [47]. 

 
Perithecia and sporodochia, the fungus's fruiting 
structures, overwinter in crop debris. The 
relationship between crop debris and FHB 
epidemics is well-documented [20,74]. Minimum 
soil temperatures for perithecia production are 
between 6°C and 10°C, with an optimum range 
of 15°C to 20°C [27,61]. High relative humidity 
and soil moisture favor perithecia formation, 
making humid weather in August and September 
conducive to FHB epidemics in the following 
growing season. 

 
In spring, ascospores and macroconidia are 
released from the fruiting bodies, with optimal 
production conditions being a wet substrate and 
high temperatures. The optimum temperatures 
for ascospore production are 29°C for F. 
graminearum and 32°C for F. culmorum. Spore 
production is inhibited when temperatures 
exceed 36°C [58]. Ascospore discharge is 
triggered by temperatures between 20°C and 
30°C and high relative humidity (80–92%). 
Rainfall events preceding and during anthesis 
ensure the presence of inoculum for FHB 
epidemics. 
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Ascospores and macroconidia land on wheat 
heads during the flowering stage, initiating 
infection. Wet and rainy conditions facilitate 
propagule dispersion via water splash or wind, 
leading to infection of internal flower parts, 
glumes, lemma, and palea. Rain splash is a 
major pathogen dispersal mechanism [67]. 
Infection is favored by relative humidity above 
80%, wind, and rain, with optimal conditions 
being temperatures between 10°C and 30°C and 
relative humidity above 90% for 4 to 6 hours 
during flowering. 

 
Penetration by the fungus is enhanced by low 
temperature and high relative humidity, with 
optimal infection occurring around 20°C and 
relative humidity near 100% [10,58]. Following 
infection, complete head blighting can occur 
under wet conditions with temperatures around 
25°C to 30°C, explaining the sudden appearance 
of symptoms in wheat fields. The main field 
symptom is the sudden presence of bleached 
spikelets, with pink to orange spore masses 
evident on wheat spikes during FHB epidemics 
[80,81,83]. 

 
An important factor in the wheat-F. graminearum 
interaction is the production of choline and 
betaine by wheat during anthesis, which are 
growth stimulants for Fusarium graminearum 
[73]. Hyphal orientation is crucial for successful 
infection [15], with penetration directed towards 
anthers, pollen, and ovaries of wheat [16]. F. 
graminearum hyphal growth shows affinity for 
these floral organs or wheat germ [72]. 
Experimentally, F. graminearum conidia growth 
after germination is directed to the ovary of the 
floret [14]. Choline and betaine significantly 
attract the fungus, with these compounds serving 
as carbon sources for F. graminearum [71,45]. 
Choline increases hyphal extension rate and 
inhibits branching frequency [66]. The 
accumulation of choline and betaine in wheat 
anthers is considered a susceptibility factor for F. 
graminearum [73]. While hyphal chemotropism 
towards nutrients is widely accepted, the 
underlying mechanisms remain largely unknown. 

 
In the spikelet, Fusarium-damaged kernels (FDK) 
result from the infection and colonization of the 
head tissue by Fusarium graminearum. These 
kernels are characterized by their white, chalky 
appearance and are often referred to as 
shriveled kernels, scabby seeds, or tombstones. 
FDK are typically associated with severe 
Fusarium head blight (FHB) and have elevated 
levels of mycotoxins, particularly deoxynivalenol 

(DON), which can be harmful to both humans 
and animals. 
 
Fusarium graminearum isolates are classified 
based on their chemotype. There are three main 
chemotypes: 
 

• 3-ADON: Produces DON and 3-acetyl-
DON. 

• 15-ADON: Produces DON and 15-acetyl-
DON. 

• Nivalenol (NIV): Produces NIV and 4-
acetyl-NIV. 

 
In the NIV chemotype, the genes responsible for 
producing the enzyme calonectrin 4-oxygenase 
(Tri13) and trichothecene 4-O-acetyltransferase 
(Tri7) are functional. These enzymes facilitate 
the conversion of trichodiene, a product of 
trichodiene synthase (Tri5), into NIV. Thus, in the 
NIV chemotype, the final product of the 
biosynthetic pathway is NIV rather than DON. 
Despite all three chemotypes belonging to the 
same species, their genetic variations and 
geographical distributions lead to the formation of 
distinct genetic populations. 
 

3. HISTORICAL AND RECENT 
OUTBREAKS OF FHB 

 
North America: Major epidemics occurred in the 
1980s and 1990s across the United States and 
Canada, causing extensive damage to wheat 
and barley crops. These outbreaks were linked to 
changes in agricultural practices, such as 
increased corn-wheat rotation and minimum 
tillage, which favored the persistence of 
Fusarium spores [48]. Significant FHB outbreaks 
continued in the 2010s, particularly in the 
Midwest and Northern Plains, attributed to 
favorable weather conditions and the widespread 
cultivation of susceptible wheat varieties [23]. 
 
Europe: European countries have faced severe 
FHB outbreaks, with significant epidemics 
reported in the UK during the 1970s and 1980s. 
These outbreaks coincided with wet weather 
conditions during the flowering period of wheat 
[59]. In recent years, fluctuating levels of FHB 
severity have been observed across Europe, with 
countries like Germany and Poland reporting 
increased incidences due to wetter growing 
seasons and changes in farming practices [52]. 
 
Asia: China has experienced recurring FHB 
epidemics since the 1950s, with major outbreaks 
in the 1990s affecting vast wheat-growing 
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regions. These epidemics were often associated 
with heavy rainfall and humid conditions during 
the growing season [6]. FHB remains a recurrent 
issue in China, with recent studies highlighting 
the impact of climate change on the frequency 
and severity of epidemics. Warmer temperatures 
and increased precipitation are expected to 
exacerbate FHB outbreaks in the coming 
decades. 
 

Ethiopia: FHB is becoming a growing concern in 
Ethiopia, where wheat is a staple crop. Despite 
being historically considered a minor problem, 
FHB has emerged as one of the most destructive 
diseases in recent times, particularly during wet, 
warm, and high-rainfall periods from anthesis to 
the soft dough stage of wheat growth. Epidemics 
are primarily initiated by initial inoculum from 
infected crop residue [54,25]. 
 

Reports indicate that FHB prevalence in Ethiopia 
is linked to changes in weather patterns and 
agricultural practices. Preliminary data suggest 
that FHB could pose a significant threat to wheat 
production in the region. Recent surveys have 
detected the presence of FHB in major wheat-
growing regions, associated with the adoption of 
improved wheat varieties and changes in crop 
management practices. The country’s reliance on 
wheat imports also raises concerns about the 
potential introduction of new Fusarium strains 
through international trade [1]. 
 

4. IDENTIFICATION OF FUSARIUM 
SPECIES IN ETHIOPIA 

 

[9] was the first to identify FHB species in 
Ethiopia, identifying several species from stored 
wheat grains and blighted wheat heads, including 
F. avenaceum, F. graminearum, F. poae, F. 
lateritium, F. sambucinum, F. semitectum, F. 
sporotrichioides, F. udum, and F. heterosporum. 
 

In a study conducted during the 2017 main 
season, [54] identified twelve Fusarium species 
in southwestern Ethiopia based on their cultural 
and microscopical characteristics: F. 
graminearum, F. culmorum, F. poae, F. 
avenaceum, F. ussurianum, F. semitectum, F. 
lateritium, F. sambucinum, F. 
pseudograminearum, F. heterosporum, and F. 
udum. Similarly, [28] reported nine Fusarium 
species, including F. graminearum, F. culmorum, 
F. avenaceum, F. poae, F. ussurianum, F. 
semitectum, F. lateritium, F. sambucinum, and F. 
heterosporum, from the Southern Nations, 
Nationalities, and Peoples' Region (SNNP) 
during the 2019 main season. 

In the 2022 main cropping season, FHB-infected 
wheat spikes were collected from East Shoa, 
North Shoa, and Arsi, Ethiopia. Pure cultured 
isolates were analyzed at the Debrezeit 
Agricultural Research Center Pathology 
Laboratory and sent to the University of 
Minnesota for identification. Eleven Fusarium 
species were identified: F. graminearum, F. 
avenaceum, F. boothii, F. equiseti, F. guttiforme, 
F. sp. strain, F. verticillioides, F. arcuatisporum, 
F. hainanense, F. iranicum, and F. 
pseudocircinatum. Among these, F. 
graminearum and F. equiseti were the most 
dominant, followed by F. boothii. Notably, six of 
these species (54.5%) had not previously been 
reported in Ethiopia, while the remaining 45.5% 
had been described by other researchers [28]. 
 
Despite limited research on the identification and 
distribution of Fusarium species in Ethiopia, 20 
distinct species have been identified to date. This 
indicates a significant prevalence of these 
pathogens, suggesting a substantial potential for 
mycotoxin production. The diversity and 
distribution of Fusarium species highlight the 
need for further investigation and management 
efforts to mitigate the risks associated with 
mycotoxin contamination in Ethiopian wheat 
production. 
 

5. IMPACT OF FHB IN ETHIOPIA 
 

FHB produces mycotoxins, secondary 
metabolites that contaminate food and feed 
during pre- or post-harvest stages [24,46,35]. 
Key mycotoxins include aflatoxins (AFs), 
fumonisins (FUMs), deoxynivalenol (DON), 
ochratoxin A (OTA), and zearalenone (ZEN), 
which pose significant health risks such as 
cancer, immune suppression, and developmental 
issues in children [53,36]. Contaminated animal 
feed can also cause severe health problems [11]. 
The FAO estimates that mycotoxins affect about 
25% of global crops, leading to substantial 
economic losses [11,19]. 

 
In sub-Saharan Africa, where agriculture is vital, 
mycotoxin contamination is a major concern due 
to reliance on rain-fed agriculture and poor 
farming practices [57]. Studies show high 
contamination in crops with health impacts 
including a notable incidence of liver cancer 
linked to Afs. Economic losses from mycotoxins 
in Africa exceed USD 750 million annually. 
Contributing factors include climate change, 
inadequate infrastructure, and weak regulations 
[56]. Ethiopia, with over 100 million people and a 
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heavily agriculture-dependent economy, faces 
significant mycotoxin issues due to smallholder 
farming and outdated storage methods [56]. 

 
A mycotoxin analysis conducted on stored wheat 
samples from the Amhara, Oromia, and Southern 
regions of Ethiopia revealed that polypropylene 
bags were the predominant storage material, 
accounting for 92.2% of the total samples 
(n=179). The study detected FUM (fumonisin) 
and DON (deoxynivalenol) toxins in 16.2% and 
9.5% of the samples, respectively. The maximum 
levels of FUM and DON detected were 0.71 
mg/kg and 1.14 mg/kg, respectively. Notably, 
3.4% of the wheat samples exceeded the 
maximum limit for DON set by the European 
Union, which is 0.75 mg/kg. Additionally, the co-
occurrence of AFT (aflatoxin) and FUM 
mycotoxins was observed in 7.3% of the 
samples. 

 
Research in Ethiopia has highlighted significant 
mycotoxin contamination in major cereals, with 
Aspergillus and Fusarium species being the 
primary culprits. In a study of 90 maize samples 
from the West Showa and East Wallega zones, 
Aspergillus spp. was the most prevalent, found in 
50.7% of samples, followed by Fusarium spp. 
(26.4%), Penicillium spp. (22.3%), and 
Trichoderma spp. (1.07%). Aflatoxin B1 (AFB1) 
levels in these samples ranged from 3.9 to 381.6 
µg/kg, with 7.7% surpassing the EU limit of 5 
µg/kg for foodstuffs (24). Additionally, 88% of 
maize samples contained aflatoxins, while 
Fumonisins (B1+B2) were found in 2%, 
Deoxynivalenol (DON) in 29.4%, and               
Nivalenol (NIV) in 17.7%. Total aflatoxins 
exceeded the EU limit of 10 µg/kg in 5.8% of the 
samples [24]. 
 

Similarly, a survey of 90 sorghum samples from 
eastern Ethiopia identified Aspergillus spp. and 
Fusarium spp. as the main sources of 
contamination. Aspergillus spp. counts ranged 
from 1 to 2.5 log cfu/g, and Fusarium spp. from 
0.5 to 1.3 log cfu/g. AFB1 was detected in 94% 
of the sorghum samples with concentrations from 
0 to 33.1 µg/kg, while Fumonisins were present 
in 71.1% of samples, ranging from 907 to 2041 
µg/kg. Notably, 2.22% of Fumonisins-positive 
samples exceeded the EU limit of 1000 µg/kg for 
cereals intended for direct human consumption 
[24]. 
 

Of the chemotyped samples, 71.4% were 
identified as species outside the Fusarium 
graminearum species complex, while 28.6% 

were classified as part of the Fusarium 
graminearum species complex (FGSC).             
Notably, Fusarium boothii, a newly identified 
species, was found to produce 15-ADON 
mycotoxin in both durum and bread wheat. This 
species, which was recently reported in the USA 
but has not previously been documented in 
Africa, represents a first finding and report for 
both Ethiopia and the African continent. On the 
other hand, Fusarium graminearum was 
observed to produce 15-ADON, 3-ADON, and 
NIV in both bread and durum wheat. As the most 
dominant and significant species, Fusarium 
graminearum is notable for its production           
of all three mycotoxins associated with this 
complex. 

 
6. FHB MANAGEMENT STRATEGIES 
 
Cultural management methods of FHB: Tillage 
can significantly reduce the amount of F. 
graminearum inoculum, which helps delay 
disease progression and lower DON production 
[10]. Research by [42] found that direct sowing 
with a susceptible cultivar without fungicide 
treatment led to a 97% higher incidence of DON 
compared to plowing and using a moderately 
resistant cultivar with a triazole fungicide 
application at heading. Crop rotation is essential 
for managing FHB, as the primary source of 
inoculum is ascospores from fruiting bodies 
overwintering in crop debris, particularly from 
corn and wheat stubble. Continuous wheat or 
planting wheat after corn is not recommended 
due to the risk of inoculum accumulation [41,48]. 
F. graminearum primarily survives in crop stubble 
rather than in the soil [42]. Incorporating a 
legume crop after wheat or corn can improve the 
carbon-to-nitrogen ratio, which accelerates 
stubble decomposition and may reduce                   
the survival and initial population of              F. 
graminearum. 

 
7. MANAGING FUSARIUM HEAD BLIGHT 

(FHB), AND DEOXYNIVALENOL (DON) 
CONTAMINATION IN WHEAT 
THROUGH FUNGICIDES 

 
Fungicides play a critical role in managing foliar 
fungal diseases and Fusarium head blight (FHB) 
in wheat, as well as preventing contamination of 
wheat grains with deoxynivalenol (DON). 
However, only a limited number of fungicides 
have demonstrated efficacy against FHB, 
highlighting the need for targeted strategies in 
disease management [48,51]. 
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8. TRIAZOLES: THE MOST EFFECTIVE 
FUNGICIDES FOR FHB CONTROL 

 

Currently, triazoles are recognized as the most 
effective class of fungicides for controlling FHB 
[82]. These fungicides belong to the 
demethylation inhibitors (DMIs) category, which 
inhibit the C14 demethylase enzyme within the 
ergosterol biosynthetic pathway, crucial for 
maintaining fungal cell membrane integrity [55]. 
Ergosterol, a vital component of the fungal cell 
membrane, is essential for membrane function 
and also acts as a growth stimulant in fungi [37]. 
By targeting this pathway, triazoles effectively 
inhibit hyphal growth, thereby controlling the 
spread of the fungus [31].  
 

9. MECHANISM OF ACTION OF 
TEBUCONAZOLE AGAINST FHB 
PATHOGENS 

 

Tebuconazole, a widely used triazole fungicide, 
has been extensively studied for its efficacy 
against Fusarium culmorum, a major FHB 
pathogen in Europe. Research by [37] using 
Scanning Electron Microscopy (SEM) and 
Transmission Electron Microscopy (TEM) 
revealed significant morphological changes in the 
fungus following treatment. These changes 
included excessive branching, bulb-like 
structures at the tips of germ tubes, severe 
inhibition of hyphal growth, and a disrupted 
mycelial network. TEM analysis further 
demonstrated thickened fungal cell walls, 

increased vacuole accumulation, and abnormal 
inclusion body formation, all indicative of the 
fungicide's potent inhibitory effects on the 
pathogen. 

 
10. STROBILURINS: BENEFITS AND 

CHALLENGES 
 
Strobilurin fungicides, introduced in 1996 and 
derived from the natural compound Strobilurus 
tenacellus, have been employed to target fungal 
respiration by binding to cytochrome b within the 
cytochrome bc1 complex [37]. In addition to their 
broad-spectrum activity against fungal diseases, 
strobilurins are known to enhance plant 
physiological responses, including improved 
water use efficiency, delayed senescence, and 
increased nitrate reductase activity [8]. For 
instance, azoxystrobin, a strobilurin fungicide, 
has been shown to extend the green period of 
wheat leaves by 8.2 to 11.2 days, contributing to 
higher yields [65]. 

 
However, while strobilurins can reduce FHB 
severity, they have been linked to increased 
DON levels in treated wheat plots compared to 
untreated controls [3]. This paradox presents a 
significant challenge, as the goal of reducing 
FHB severity must be balanced against the risk 
of DON contamination. To facilitate 
understanding of two important classes of 
fungicides, I have organized the information into 
Table 1. 

 
Table 1. Detailed Descriptions of Strobilurin and Triazole Fungicides 

 

Fungicide 
Class 

Common Name Trade Names Mode of Action 

Triazole 
Fungicides 

Tebuconazole Folicur, Orius, Raxil Inhibits the biosynthesis of ergosterol, 
essential for fungal cell membranes. 

Propiconazole . Tilt, Banner, Orbit Inhibits ergosterol biosynthesis, 
disrupting fungal cell membrane 
integrity 

Difenoconazole Score, Divident, Rally Inhibits ergosterol biosynthesis, vital for 
maintaining fungal cell membrane 
structure. 

Flutriafol . Topguard, Impact Inhibits ergosterol biosynthesis, critical 
for fungal cell membrane formation 

Metconazole Caramba, Quash Inhibits ergosterol biosynthesis, 
necessary for fungal cell membrane 
stability. 

 
Strobilurin 
Fungicides 

Azoxystrobin Quadris, Abound, 
Amistar 

Inhibits mitochondrial respiration, 
preventing energy production in fungi. 

Pyraclostrobin . Headline, Cabrio, 
Insignia 

Inhibits mitochondrial respiration, 
blocking ATP synthesis in fungal cells 

Trifloxystrobin . Flint, Compass, Inhibits mitochondrial respiration, 
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Fungicide 
Class 

Common Name Trade Names Mode of Action 

Gem leading to fungal cell death 
Kresoxim-methyl . Sovran, Discus Inhibits mitochondrial respiration, 

causing disruption of energy 
metabolism in fungi 

Fluoxastrobin Evito, Disarm Inhibits mitochondrial respiration, 
impairing fungal growth and survival. 

 
11. RESISTANCE CONCERNS AND 

ALTERNATIVE STRATEGIES 
 
Despite their effectiveness, triazoles are 
associated with a medium risk of resistance 
development, as classified by the Fungicide 
Resistance Action Committee (FRAC). The 
widespread and prolonged use of these 
fungicides has led to growing concerns about 
resistance, particularly in Fusarium 
graminearum, the primary FHB pathogen. The 
first reports of tebuconazole-resistant F. 
graminearum strains in the Americas emerged in 
2014, underscoring the urgency for developing 
new fungicide chemistries and strategies [69]. 

 
12. THE NEED FOR INTEGRATED 

FUNGICIDE MANAGEMENT 
 
Given the limitations and resistance issues 
associated with triazoles and strobilurins, there is 
a growing need for integrated fungicide 
management strategies. Dual applications 
targeting both foliar and head diseases are           
often not cost-effective, and the variability in 
fungicide efficacy across different wheat cultivars 
further complicates control efforts 
[82,13,50,60,63]. 

 
One promising approach is the use of 
aminoglycoside fungicides (metabolites) such as 
K20, produced by bacterial actinomycetes. 
These compounds have shown synergistic 
effects when combined with triazoles, offering a 
potential solution for overcoming resistance and 
enhancing disease control [75]. By combining 
fungicides with different modes of action, the               
risk of resistance development can be               
mitigated, leading to more sustainable and 
effective disease management in wheat 
production. 

 
Aminoglycoside fungicides like K20 are 
synthesized through the complex metabolic 
pathways of actinomycetes. These pathways 
involve the use of various enzymes to assemble 
the aminoglycoside molecule, which typically 

consists of amino sugars linked by glycosidic 
bonds to a central aminocyclitol nucleus. The 
antifungal activity of aminoglycosides is believed 
to result from their ability to bind to ribosomal 
RNA in the fungal cells, interfering with protein 
synthesis and leading to cell death [76]. 

 
K20, like other aminoglycosides, may exhibit its 
fungicidal action by binding to the 30S subunit of 
the ribosome in fungal cells, disrupting the 
process of translation. This binding interferes 
with the initiation complex of protein synthesis, 
misreading of mRNA, and ultimately results in 
the inhibition of essential protein production, 
which is vital for fungal growth and survival          
[76]. 

 
The use of aminoglycoside fungicides such as 
K20 in agriculture is particularly attractive due to 
their dual role as both antifungal agents and 
plant growth promoters. This dual functionality 
can be attributed to their broad-spectrum activity 
against various fungal pathogens, which helps in 
controlling diseases that affect crop yield and 
quality. Additionally, their production by naturally 
occurring soil bacteria, such as Streptomyces 
species, aligns well with the principles of 
sustainable agriculture, reducing the reliance on 
synthetic chemical fungicides [76]. 

 
13. CULTIVAR RESISTANCE AND 

TECHNIQUES FOR EVALUATING 
BREEDING LINES IN FUSARIUM 
HEAD BLIGHT MANAGEMENT 

 
Genetic resistance is a cornerstone of Fusarium 
head blight (FHB) management in wheat, offering 
ecological and economic advantages over 
chemical controls [82]. As a result, enhancing 
resistance to FHB has become a primary 
objective in wheat breeding programs worldwide 
[6]. However, breeding for FHB resistance 
presents significant challenges due to the 
quantitative nature of the trait, the complexity of 
the wheat genome, and difficulties in accurately 
screening for resistance in controlled 
environments [6]. 
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14. TYPES OF FHB RESISTANCE AND 
ASSOCIATED QTLS 

 
FHB resistance in wheat can be oligogenic or 
polygenic, with quantitative trait loci (QTLs) 
linked to resistance identified on all wheat 
chromosomes [21]. The effort to breed for FHB 
resistance in the United States dates back to 
1929 when Christensen conducted large-scale 
screenings of wheat varieties. Despite his 
extensive work, all tested lines displayed some 
degree of infection, underscoring the difficulty of 
achieving complete resistance. 
 
In 1963, Schroeder and Christensen classified 
FHB resistance into two primary types: 
 

1. Type I Resistance: This form of resistance 
involves defense mechanisms that prevent 
the initial infection, such as enzyme 
activation to degrade the fungal cell wall. It 
is assessed by spraying spore 
suspensions over flowering spikes and 
counting the number of diseased spikelets. 
QTLs Fhb4 and Fhb5 have been linked to 
Type I resistance. 

2. Type II Resistance: This resistance type 
limits the spread of FHB symptoms within 
the wheat spike. It is measured by 
inoculating a single floret and counting the 
number of blighted spikelets. Key QTLs 
associated with Type II resistance include 
Fhb1, Fhb2, and Fhb3 [39]. 

 
Mesterházy (49) expanded this classification by 
identifying additional resistance types: 

 
• Type III Resistance: Involves the ability of 

the wheat kernels to retain their size and 
quality despite infection. 

• Type IV Resistance: Refers to yield 
tolerance, where the plant maintains yield 
despite infection. 

• Type V Resistance: Focuses on reducing 
or detoxifying DON (deoxynivalenol) 
accumulation, a harmful mycotoxin 
produced by FHB pathogens. 

 
The focus of many breeding programs has been 
to incorporate resistance genes from cultivars 
with inherent FHB resistance. A notable example 
is the Chinese cultivar Sumai 3, which possesses 
unique resistance genes, including the Fhb1 
QTL, known for converting DON into a less toxic 
form, D3G, thereby enhancing resistance 
[17,38,43]. 

15. NOTABLE FHB-RESISTANT 
CULTIVARS 

 
A significant milestone in the development of 
FHB-resistant wheat cultivars was the release of 
Overland (NE01643). Overland is a semi-dwarf 
hard red winter wheat cultivar that exhibits 
moderate resistance to FHB. It carries resistance 
alleles on chromosomes 1A, 1B, 3A, 4A, and 6A, 
including QTLs such as Fhb1 and Fhb5 [5,21]. 
However, even cultivars like Overland, with 
moderate resistance, can sometimes exhibit high 
DON levels, whereas some susceptible cultivars 
may have lower DON concentrations, indicating 
a complex relationship between visual symptoms 
and DON accumulation [34]. 
 

16. CHALLENGES IN EVALUATING FHB 
RESISTANCE 

 
Field evaluation of FHB-resistant cultivars is 
particularly challenging due to the sporadic 
nature of FHB epidemics and the need for 
precise inoculation methods to consistently 
replicate results. Current screening techniques 
are often plagued by high experimental error and 
inconsistent genotype rankings, complicating the 
selection process [40]. Although visual symptoms 
of FHB are generally correlated with DON levels 
during epidemic years, this relationship can be 
unclear, further complicating evaluations. 
 

17. ADVANCES IN BREEDING 
TECHNIQUES: MARKER-ASSISTED 
SELECTION AND GENOMIC 
SELECTION 

 
To overcome these challenges, molecular 
techniques such as Marker-Assisted Selection 
(MAS) and Genomic Selection have become 
valuable tools in breeding programs. MAS 
utilizes molecular markers linked to specific 
alleles or QTLs of interest, allowing for more 
precise selection and reducing reliance on 
phenotypic screening [18]. QTLs, which are 
regions of the genome that influence a trait, can 
be monitored during the introgression process to 
ensure the desired resistance traits are 
successfully incorporated [2]. 
 
Genomic selection takes this approach further by 
using comprehensive genomic data to predict the 
performance of genotypes with greater accuracy 
than classical MAS [32,33,44]. This technique 
has facilitated significant advancements, such as 
the map-based cloning of the Fhb1 QTL from 
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Sumai 3, which represents a major step forward 
in developing durable FHB resistance strategies 
[64]. 

 
In conclusion, while breeding for FHB resistance 
in wheat is challenging, advances in 
understanding the genetic basis of resistance, 
combined with modern molecular breeding 
techniques, offer promising avenues for 
developing cultivars with improved resistance to 
FHB and reduced DON contamination. 

 
18. INTEGRATED MANAGEMENT OF 

FUSARIUM HEAD BLIGHT (FHB) 
 
Integrated management is widely acknowledged 
as the most effective strategy for controlling 
Fusarium Head Blight (FHB) and minimizing 
deoxynivalenol (DON) contamination in wheat 
[82]. The unpredictable nature of FHB outbreaks 
presents considerable challenges, necessitating 
a comprehensive approach. Key components of 
an integrated FHB management strategy include 
the use of forecasting systems, selection of 
tolerant or moderately resistant cultivars, cultural 
practices such as residue management and 
tillage, and the precise application of fungicides 
at optimal timings (82). Among these strategies, 
employing resistant cultivars is often the most 
cost-effective approach. 

 
Recent studies have highlighted the efficacy of 
integrated management strategies in reducing 
both FHB and DON contamination in wheat. [82] 
demonstrated that combining fungicide 
application at the anthesis growth stage with the 
use of moderately resistant wheat varieties yields 
superior results compared to using either method 
in isolation. Specifically, the application of 
tebuconazole at anthesis and the use of the 
wheat variety 'King Bird' significantly reduced 
FHB severity and DON contamination, leading to 
increased wheat production and enhanced food 
security in key wheat-growing regions of 
Ethiopia. 

 
Similarly, [25] showed that integrating moderately 
resistant wheat cultivars with fungicide 
application, when applied at appropriate 
frequencies starting at disease onset, effectively 
reduced disease pressure and improved grain 
yield. Particularly, the combination of the 
'Shorima' variety with three applications of 
tebuconazole proved effective in controlling FHB 
epidemics. 
 

These findings collectively underscore the 
advantages of an integrated approach, 
combining resistant cultivars with targeted 
fungicide applications to manage FHB and DON 
contamination effectively. 
 

19. CONCLUSIONS AND RECOMMENDA-
TIONS  

 
Fusarium Head Blight (FHB) is a significant 
fungal disease that severely impacts wheat 
production, with its prevalence heavily influenced 
by environmental factors such as temperature, 
humidity, and rainfall. The disease is primarily 
caused by Fusarium graminearum, a pathogen 
known for producing harmful mycotoxins like 
deoxynivalenol (DON), which contaminate crops 
and pose serious health risks to both humans 
and animals. 
 
In Ethiopia, FHB has recently become an 
increasing concern due to changing weather 
patterns and evolving agricultural practices. 
Multiple Fusarium species, including new and 
dominant strains, have been identified, 
exacerbating the problem. The rising prevalence 
of these pathogens and their associated 
mycotoxins underscores the urgent need for 
further research and the development of 
management strategies to safeguard wheat 
production in the region and mitigate the risks 
associated with mycotoxin contamination [84-86]. 
 

Effective management of FHB requires an 
integrated approach that combines cultural 
practices, the use of resistant cultivars, and 
fungicide applications. Key strategies include the 
following: 
 

• Adoption of Integrated Management 
Practices: Farmers should implement a 
combination of cultural practices, resistant 
cultivars, and fungicide applications, 
particularly triazoles, to manage FHB 
effectively. 

• Utilization of Resistant Cultivars: 
Breeding programs should prioritize the 
development and promotion of wheat 
cultivars with proven resistance to FHB, 
focusing on key quantitative trait loci 
(QTLs) such as Fhb1. 

• Optimization of Fungicide Application: 
Fungicides should be applied at critical 
growth stages, such as anthesis, to 
maximize their effectiveness in controlling 
FHB and minimizing DON contamination. 
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• Advancement of Breeding Techniques: 
Continued investment in molecular 
breeding techniques, including Marker-
Assisted Selection (MAS) and Genomic 
Selection, is essential to accelerate the 
development of FHB-resistant wheat 
varieties. 

• Monitoring for Fungicide Resistance: It 
is crucial to monitor pathogen populations 
for signs of resistance development. 
Considering alternative fungicides or 
combining fungicides can help maintain 
effective disease control. 

 
These integrated management strategies have 
proven effective in reducing both FHB severity 
and DON contamination, making them essential 
for ensuring wheat yield and quality. 
Implementing these recommendations will be 
crucial for protecting wheat production in Ethiopia 
and other regions affected by FHB. 
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