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Abstract
   Wheat, a vital global staple, confronts an escalating peril from emerging plant pathogens within the context of climate variability. 
This review emphasizes the critical imperative to confront these covert threats and their ramifications for global food security. The 
review navigates the intricate nexus linking environmental dynamics and the rise of wheat pathogens, prioritizing surveillance, 
diagnosis, and management tactics. This review navigates the intricate interplay between evolving environmental conditions and 
the surge of wheat pathogens, emphasizing surveillance, diagnosis, and management approaches. The stealthy tactics employed by 
these pathogens, emphasizing the imperative for early detection and monitoring using innovative remote sensing methodologies. 
Additionally, this review advances diagnostic tools rooted in molecular biology to discern pathogen strains with enhanced precision 
and efficiency. Amidst mounting concerns over the impact of emerging wheat pathogens, this review advocates for comprehensive 
management strategies geared toward fortifying crop resilience and mitigating agricultural losses. By integrating cultural practices, 
genetic resistance, and bio-control measures, actionable solutions to counter the looming threat posed by these insidious adversaries. 
In light of the urgency to address emerging threats to wheat crops, these reviews underscore the imperative for collaborative efforts 
among researchers and stakeholders. Through concerted action and knowledge dissemination, we endeavor to bolster global wheat 
production resilience in the face of evolving environmental challenges.
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Introduction

Grain yield losses in wheat due to diseases and pests signifi-
cantly impact global and regional food stability. Wheat is a crucial 
cereal, with global production forecasted at 789 million tonnes in 
2024. However, wheat yields face threats from various diseases 
and pests, leading to significant losses annually. These losses jeop-
ardize food security and increase prices, affecting the stability of 
food systems worldwide. According to FAO data, maintaining ad-
equate cereal stocks and monitoring wheat production and threats 
are essential for food system resilience (65). Wheat stands as an 
agricultural titan, holding unparalleled significance on the global 
stage. Its cultivation spans millennia, entrenched deeply in the an-
nals of human history and sustenance. This versatile grain serves 

as a staple food for over a third of the world’s population, provid-
ing vital sustenance in various forms, from bread to pasta and be-
yond. Moreover, beyond its role on the dinner plate, wheat plays a 
crucial economic role, driving agricultural markets and livelihoods 
worldwide [1]. Its adaptability to diverse climates and growing 
conditions renders it a resilient crop, capable of thriving in diverse 
terrains across continents. Furthermore, wheat cultivation fosters 
rural development and food security, particularly in regions where 
agriculture serves as a primary livelihood. Additionally, its sig-
nificance extends beyond mere sustenance and economics; wheat 
holds cultural and symbolic importance in many societies, woven 
into rituals, traditions, and culinary heritage [2]. As we navigate the 
complexities of a rapidly changing world, understanding the multi-
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faceted significance of wheat as a global crop remains paramount, 
highlighting its enduring legacy and indispensable role in shaping 
our collective human experience [3].

Wheat diseases are often referred to as “silent killers” due to 
their stealthy nature. These insidious maladies strike crops with-
out warning, inflicting irreparable damage before detection. Rusts, 
blights, and other pathogens lurk globally, capable of decimating 
entire harvests. Their covert progression underscores the impor-
tance of vigilant monitoring and proactive measures to safeguard 
food security. Understanding these diseases is crucial in the ongo-
ing battle to protect global wheat production [3]. Understanding 
and addressing wheat diseases is crucial for crop sustainability. 
Wheat is a vital staple globally, but diseases like rusts, powdery 
mildew, and Fusarium head blight threaten its production [4]. Re-
search into disease resistance and sustainable farming practices 
is vital for long-term resilience, safeguarding food supply chains. 
Investing in this understanding is essential for ensuring the avail-
ability of this vital food resource for future generations [3].

Literature review 
Understanding wheat diseases
Definition and classification of wheat diseases

Wheat diseases encompass a wide array of ailments that can 
significantly impact crop yield and quality. These diseases can be 
caused by various pathogens, including fungi, bacteria, viruses, 
and nematodes [5]. They manifest in different forms, from leaf spot 
and powdery mildew to rusts and smuts, each with distinct symp-
toms and effects on the plant. Classifying wheat diseases typically 
involves categorizing them based on the part of the plant affected, 
such as leaf, stem, or grain, as well as the causal agent. Understand-
ing the definition and classification of wheat diseases is crucial for 
effective management strategies, including crop rotation, genetic 
resistance, and chemical treatments, to minimize their impact on 
global wheat production and ensure food security [6].

Wheat diseases can be classified based on several criteria, in-
cluding the type of pathogen, the affected plant part, and the symp-
toms exhibited. One common classification scheme categorizes 
wheat diseases into fungal, bacterial, viral, and nematodal diseases 
[7]. Fungal diseases are the most prevalent and economically sig-
nificant, encompassing pathogens such as rusts (Puccinia spp.), 
powdery mildew (Blumeria graminis), and Fusarium head blight 
(Fusarium graminearum) [8]. Bacterial diseases, although less 

common, can cause substantial damage under conducive environ-
mental conditions, with examples including bacterial leaf streak 
(Xanthomonas campestris pv. translucens) and bacterial blight 
(Pseudomonas syringae pv. syringae) [9]. Viral diseases, transmit-
ted primarily by insect vectors, can lead to stunted growth, chlo-
rosis, and yield reductions, with notable examples including wheat 
streak mosaic virus and barley yellow dwarf virus [10]. Nematode 
diseases, caused by parasitic nematodes, affect root health and nu-
trient uptake, compromising plant vigor and productivity. Within 
each category, diseases may further be classified based on specific 
morphological, physiological, or molecular characteristics, provid-
ing researchers with a more nuanced understanding of pathogen 
diversity and epidemiology [11].

Common pathogens causing wheat diseases 
Wheat crops worldwide are besieged by various pathogens, 

including fungi, bacteria, and viruses, each posing unique threats 
[12]. Fungi like Fusarium graminearum and Puccinia triticina cause 
diseases such as Fusarium head blight and wheat rust, while bac-
teria such as Xanthomonas translucens and Pseudomonas syringae 
lead to bacterial leaf streak and blight [13]. Viruses like Wheat 
streak mosaic virus and Barley yellow dwarf virus spread through 
vectors, resulting in stunted growth and diminished yields. Effec-
tive management strategies and breeding for resistance are vital to 
safeguarding wheat production and global food security [14]. 

Fungal pathogens represent a major threat to wheat production, 
with species such as Puccinia spp. (rusts), Blumeria graminis (pow-
dery mildew), and Fusarium spp. (Fusarium head blight) being 
particularly notorious [15]. Rusts, characterized by reddish-brown 
pustules on leaves, stems, and grains, can spread rapidly under 
conducive environmental conditions, causing extensive damage to 
wheat crops. Powdery mildew, identifiable by white powdery patch-
es on leaves, interferes with photosynthesis and weakens plants, 
reducing their ability to produce grains [16]. Fusarium head blight, 
caused by various Fusarium species, not only reduces yield but 
also contaminates grains with mycotoxins harmful to both human 
and animal health [15]. Bacterial pathogens such as Xanthomonas 
translucens (bacterial leaf streak) and Pseudomonas syringae (bac-
terial blight) also pose significant threats to wheat production. Bac-
terial leaf streak manifests as elongated, water-soaked lesions on 
leaves, eventually leading to necrosis and reduced photosynthetic 
capacity. Bacterial blight, characterized by dark necrotic spots on 
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leaves, can cause severe defoliation and yield losses under favor-
able conditions [17]. Wheat viruses, transmitted by vectors such 
as aphids and leafhoppers, can cause diseases ranging from mild 
symptoms to severe yield losses. Common wheat viruses include 
Wheat streak mosaic virus (WSMV), Barley yellow dwarf virus 
(BYDV), and Wheat dwarf virus (WDV) [17]. These viruses infect 
wheat at various growth stages, causing symptoms such as yellow-
ing, stunting, and reduced grain filling, ultimately impacting yield 
and quality. In addition to fungi, bacteria, and viruses, nematodes, 
phytoplasmas, and other microorganisms can also cause diseases 
in wheat, further complicating disease management efforts. Nema-
todes such as Heterodera spp. (cyst nematodes) and Pratylenchus 
spp. (root lesion nematodes) can damage wheat roots, leading to 
reduced nutrient uptake and stunted growth [16].

Factors contributing to the spread and severity of wheat dis-
eases 

The spread and severity of wheat diseases are influenced by 
environmental factors like temperature and humidity, agronomic 
practices such as crop rotation, and genetic traits of wheat culti-
vars [16].Environmental conditions create habitats for disease-
causing pathogens, while agronomic practices can either mitigate 
or exacerbate disease pressure. Plant genetics determine resis-
tance or susceptibility to diseases, with ongoing efforts to breed 
resistant varieties. Global trade also facilitates disease spread. 
Addressing these factors is essential for effective disease manage-
ment and food security [16].

Agronomic management practices significantly influence the 
dynamics of wheat diseases by altering crop physiology, pathogen 
populations, and environmental conditions. Crop rotation, tillage 
methods, planting density, and irrigation management are among 
the key agronomic factors that can either suppress or facilitate dis-
ease development [18]. Implementing diverse crop rotations can 
disrupt disease cycles and reduce pathogen inoculum levels in the 
soil, thereby lowering disease pressure in subsequent wheat crops. 
Conservation tillage practices, although beneficial for soil health 
and erosion control, may increase disease risks by preserving 
crop residues and creating favorable microclimates for pathogen 
survival and proliferation. Furthermore, irrigation management 
strategies impact disease incidence by modulating soil moisture 
levels and humidity, particularly in semi-arid and irrigated wheat-
growing regions [18].

Genetic resistance is a cornerstone of sustainable disease man-
agement in wheat production. Host plant resistance to pathogens 

can be categorized into major gene resistance, quantitative resis-
tance, and adult plant resistance, each conferring varying levels 
of protection against specific diseases [19]. Breeding for disease-
resistant cultivars is a long-term strategy aimed at incorporating 
durable resistance genes into elite wheat germplasm. However, 
the evolution of virulent pathogen strains and the breakdown of 
resistance genes pose ongoing challenges for breeders and grow-
ers [20]. Understanding the genetic diversity of both host plants 
and pathogens is essential for deploying effective resistance strate-
gies and developing durable disease control measures. In addition 
to environmental and agronomic factors, socio-economic consid-
erations, technological advancements, and climate change impli-
cations also influence the spread and severity of wheat diseases. 
Socio-economic factors, such as market demands, farming policies, 
and access to resources, can influence growers’ decisions regard-
ing disease management practices [21]. Technological innovations, 
including remote sensing technologies, predictive modeling tools, 
and precision agriculture techniques, offer opportunities for early 
disease detection and targeted intervention strategies. Moreover, 
the impacts of climate change, including altered disease patterns, 
shifts in host-pathogen interactions, and changes in agro-ecosys-
tem dynamics, necessitate adaptive management approaches to 
mitigate emerging disease risks and sustain wheat production sys-
tems [21].

Symptoms and identification
Overview of common symptoms of wheat diseases

Wheat diseases encompass a wide array of afflictions that can 
significantly impact crop yield and quality. Common symptoms of 
these diseases often manifest visibly, aiding farmers in diagnosis 
and management. Leaf rust, caused by the fungus Puccinia triticina, 
presents as orange pustules on leaf surfaces, eventually leading 
to premature senescence. Powdery mildew, caused by Blumeria 
graminis, manifests as a white, powdery growth on leaves, inhibit-
ing photosynthesis and reducing grain fill.

 Fusarium head blight, caused by Fusarium species, results in 
premature bleaching and shriveling of wheat heads, accompanied 
by mycotoxin contamination [22]. Yellow rust, caused by Puccin-
ia striiformis, manifests as yellowish stripes on leaves, leading to 
chlorosis and reduced nutrient uptake. By recognizing these symp-
toms early, farmers can implement timely interventions to mitigate 
disease spread and preserve crop health [22]. Wheat rust, caused 
by fungal pathogens belonging to the Puccinia genus, is a preva-
lent disease affecting wheat crops worldwide [23]. The disease is 
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characterized by the appearance of rust-colored pustules on the 
leaves, stems, and grains of infected plants. These pustules contain 
masses of spores, which can spread rapidly under favorable envi-
ronmental conditions. Rust infections can lead to chlorosis, necro-
sis, and premature senescence of wheat plants, ultimately result-
ing in reduced photosynthetic capacity and yield losses. Different 
species of wheat rust, including stem rust, leaf rust, and stripe rust, 
exhibit distinct symptoms and may require specific management 
approaches [23].

Powdery mildew, caused by fungal pathogens of the Blumeria 
and Erysiphe genera, is another common wheat disease affecting 
crop productivity. The disease is characterized by the presence of 
white, powdery growth on the surfaces of wheat leaves, stems, and 
spikes. Powdery mildew infections can reduce photosynthetic effi-
ciency by obstructing sunlight and impairing gas exchange. Severe 
infections can lead to stunted growth, chlorosis, and premature 
death of wheat plants, ultimately resulting in yield losses. Powdery 
mildew is favored by cool, humid conditions, making it a signifi-
cant concern in temperate wheat-growing regions [24]. 

Fusarium head blight, caused by various Fusarium species, is a 
devastating wheat disease with global implications for grain qual-
ity and safety. The disease primarily affects wheat spikes during 
flowering, leading to the development of bleached, shriveled ker-
nels known as “tombstones.” In addition to reducing grain yield, 
FHB infections can result in the accumulation of mycotoxins, such 
as deoxynivalenol (DON), in infected grains, posing risks to human 
and animal health. Fusarium-infected kernels are often lightweight 
and discolored, with a pink or orange hue. FHB outbreaks are in-
fluenced by environmental factors, including high humidity and 
rainfall, making disease management challenging [25].

Methods for identifying and diagnosing wheat diseases in the 
field

Identifying and diagnosing wheat diseases in the field relies on 
a range of methods for effective crop management. Visual inspec-
tion by trained observers remains fundamental, detecting symp-
toms like leaf discoloration or lesions. Portable diagnostic tools, 
including handheld spectrometers and digital imaging systems, 
offer rapid and precise disease identification through biochemical 
analysis and multispectral imaging. Molecular techniques such as 

PCR assays enable specific pathogen detection from field samples. 
Integrating these methods facilitates timely disease management 
decisions, minimizing yield losses and reducing reliance on chemi-
cal interventions for sustainable wheat production [3]. Visual ob-
servation remains one of the primary methods for detecting wheat 
diseases in the field. By inspecting plant foliage, stems, and grains 
for characteristic symptoms such as lesions, discoloration, wilting, 
and deformities, growers and researchers can often identify the 
presence of a particular disease. However, visual observation alone 
may not always provide sufficient information for accurate diagno-
sis, as many diseases exhibit similar symptoms, and environmental 
factors can influence symptom expression. Therefore, supplemen-
tary techniques, such as symptomatology charts and diagnostic 
keys, are often used to aid in disease identification based on visual 
characteristics [26]. 

Advances in molecular biology have revolutionized the field of 
plant pathology, offering powerful tools for the rapid and accu-
rate detection of plant pathogens. Molecular techniques such as 
polymerase chain reaction (PCR), loop-mediated isothermal am-
plification (LAMP), and next-generation sequencing (NGS) enable 
researchers to identify pathogens based on their DNA or RNA sig-
natures. These methods are particularly useful for detecting patho-
gens at early stages of infection, even before visible symptoms 
appear. Additionally, molecular assays can differentiate between 
closely related pathogen strains and provide insights into patho-
gen populations and evolutionary dynamics [27]. Remote sensing 
technologies, including multispectral and hyperspectral imag-
ing, offer non-destructive and efficient means of detecting crop 
diseases from a distance. By analyzing the reflectance spectra of 
plant canopies, researchers can detect subtle changes associated 
with disease infection, such as alterations in chlorophyll content, 
leaf morphology, and water stress. Remote sensing can cover large 
areas of agricultural land rapidly, making it suitable for monitoring 
disease outbreaks at regional or even global scales. Furthermore, 
advances in unmanned aerial vehicles (UAVs) and satellite imagery 
have made remote sensing more accessible and cost-effective for 
farmers and researchers alike [28]. 

Importance of early detection for disease management
Early detection plays a pivotal role in disease management, 

serving as a cornerstone in ensuring timely interventions and im-
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proved outcomes for patients. Detecting diseases in their incipi-
ent stages enables healthcare professionals to implement effective 
treatment plans, potentially halting the progression of the illness 
or even achieving complete remission. Moreover, early detection 
often offers patients a wider array of treatment options, which are 
generally less invasive and more successful when initiated dur-
ing the early phases of the disease [28]. Beyond individual health 
benefits, early detection also alleviates the burden on healthcare 
systems by reducing the need for extensive and costly interven-
tions associated with advanced disease stages. Through proactive 
screening programs and heightened awareness, communities can 
foster a culture of preventive healthcare, ultimately saving lives 
and enhancing overall well-being [29]. 

Several methods are employed for early disease detection in 
agricultural crops, each with its own set of advantages and limi-
tations. Visual inspection remains a primary means of disease 
detection, relying on trained scouts or farmers to recognize char-
acteristic symptoms and signs of plant diseases in the field [30]. 
While visual inspection is cost-effective and accessible, it requires 
expertise and may not always be reliable, particularly for diseases 
with subtle or non-specific symptoms. Remote sensing technolo-
gies offer a promising alternative for early disease detection, le-
veraging satellite imagery, unmanned aerial vehicles (UAVs), and 
hyperspectral sensors to detect changes in plant health and vigor 
associated with disease infections [31]. These technologies allow 
for rapid and non-destructive monitoring of large agricultural ar-
eas, enabling early detection of diseases before symptoms become 
visible to the naked eye. However, remote sensing techniques re-
quire specialized equipment and data analysis expertise, limiting 
their widespread adoption by farmers [31].

Molecular techniques, such as polymerase chain reaction (PCR) 
and loop-mediated isothermal amplification (LAMP), provide 
highly sensitive and specific methods for detecting pathogens in 
plants [32]. These methods allow for the detection of pathogens at 
the molecular level, even in asymptomatic plants, facilitating early 
diagnosis and targeted disease management strategies. However, 
molecular techniques require laboratory facilities and trained per-
sonnel, making them less accessible to resource-limited farmers 
in developing countries. Early detection of diseases in agricultural 
crops offers numerous benefits for crop management and pro-
duction. By identifying diseases at their incipient stages, farmers 
can implement timely control measures to prevent the spread of 
pathogens and minimize yield losses [33]. Early detection also al-

lows for more precise and targeted application of agrochemicals, 
reducing the environmental impact of pesticide use and minimiz-
ing the development of pesticide resistance in pest populations 
[34]. Additionally, early disease detection enables farmers to make 
informed decisions regarding crop rotation, cultivar selection, and 
other cultural practices to minimize disease pressure and optimize 
crop yields [35].

Integrated disease management (IDM) approaches that combine 
multiple strategies for disease prevention and control are essential 
for sustainable crop production. Early disease detection serves as a 
cornerstone of IDM, providing the foundation for proactive disease 
management strategies that emphasize prevention and cultural 
control practices [36]. By integrating early detection with other 
disease management tactics, such as crop rotation, sanitation, and 
biological control, farmers can reduce their reliance on chemical 
interventions and adopt more environmentally sustainable farm-
ing practices [37]. Furthermore, IDM approaches that incorporate 
early detection can help mitigate the impacts of emerging and re-
emerging diseases, enhancing the resilience of agricultural systems 
to changing disease pressures [38].

Impact on crop yield and quality
Effects of wheat diseases on crop yield and productivity

Wheat diseases can significantly impact crop yield and produc-
tivity, posing substantial challenges to global food security. Diseas-
es such as wheat rust, powdery mildew, and Fusarium head blight 
can cause yield losses ranging from moderate to severe depending 
on environmental conditions and the virulence of the pathogen. 
Rusts, for instance, can rapidly spread and devastate wheat fields, 
leading to significant reductions in grain quality and quantity [38]. 
Powdery mildew can impair photosynthesis, weakening plants and 
reducing their ability to produce grains. Fusarium head blight not 
only reduces yield but also affects grain quality by producing myco-
toxins harmful to both human and animal health. Furthermore, dis-
ease outbreaks can necessitate costly control measures, including 
fungicide applications, which further impact the economic viability 
of wheat production. To mitigate these effects, integrated disease 
management strategies, including resistant cultivars, cultural prac-
tices, and timely fungicide applications, are crucial for maintaining 
wheat yield and ensuring global food security [39]. 

Wheat diseases exert their detrimental effects on crop yield 
through several mechanisms. Rust diseases, caused by fungi of the 
genus Puccinia, are notorious for their ability to rapidly spread and 
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devastate wheat fields, leading to significant yield losses [16]. The 
most common rust diseases affecting wheat include stem rust, leaf 
rust, and stripe rust, each capable of causing varying degrees of 
damage depending on environmental conditions and the suscep-
tibility of wheat cultivars [15]. Powdery mildew, caused by the 
fungus Blumeria graminis, is another widespread wheat disease 
that can impair photosynthesis by colonizing leaf surfaces, leading 
to reduced plant vigor and ultimately decreased grain yield. Fu-
sarium head blight, caused by various species of Fusarium fungi, 
not only reduces grain yield but also compromises grain quality 
by producing mycotoxins that are harmful to human and animal 
health. These diseases collectively pose a significant threat to glob-
al wheat production and food security [40].

Influence of diseases on grain quality and marketability
The influence of diseases on grain quality and marketability is 

a critical concern within the agricultural sector. Diseases affecting 
grains, such as wheat, rice, and corn, can lead to significant reduc-
tions in yield, nutritional value, and overall quality. Pathogens like 
fungi, bacteria, and viruses can infect grains at various stages of 
growth, impacting their size, appearance, and taste. Moreover, 
infected grains may contain mycotoxins, harmful substances pro-
duced by fungi, posing health risks to both humans and animals. 
In terms of marketability, grains affected by diseases often face 
lower demand and reduced prices due to their inferior quality and 
potential health hazards. Farmers, therefore, must employ preven-
tive measures, such as crop rotation, resistant varieties, and timely 
disease management strategies, to safeguard grain quality and 
maintain market competitiveness. Additionally, robust monitoring 
systems and quality control measures throughout the supply chain 
are crucial to ensure the delivery of safe and premium-quality 
grains to consumers [2]. 

Wheat diseases can induce various physiological and biochemi-
cal changes in the grain, ultimately affecting its quality and mar-
ketability. For instance, rust infections can lead to reduced grain 
protein content due to the diversion of nutrients towards disease 
defense mechanisms. Powdery mildew, on the other hand, can im-
pair gluten formation, resulting in weakened dough strength and 
inferior bread-making quality. Fusarium head blight not only re-
duces grain yield but also contaminates grains with mycotoxins 
such as deoxynivalenol (DON), posing risks to human and animal 
health. These disease-induced alterations in grain composition 

and properties have significant repercussions for end-use applica-
tions and market acceptance [41].The economic consequences of 
disease-related grain quality degradation are profound, impacting 
various stakeholders along the wheat value chain. Farmers incur 
losses due to reduced market prices for diseased grains, increased 
production costs associated with disease management, and poten-
tial rejection of contaminated grain lots by buyers and processors 
[42]. Grain processors face challenges in maintaining product qual-
ity standards and may incur additional expenses for sorting, clean-
ing, or discarding diseased grains. Moreover, consumers may ex-
perience indirect economic impacts through price fluctuations and 
reduced availability of high-quality wheat products [43].

Effective disease management is crucial for preserving grain 
quality and ensuring marketability in wheat production systems. 
Integrated pest management (IPM) approaches, combining cul-
tural, biological, and chemical control tactics, offer sustainable so-
lutions for disease suppression while minimizing environmental 
impacts. Breeding for disease resistance remains a cornerstone of 
long-term disease management strategies, with ongoing efforts to 
develop cultivars with enhanced resistance to multiple pathogens. 
Additionally, post-harvest practices such as proper drying, storage, 
and handling can help minimize grain quality losses and mycotoxin 
contamination during storage and transportation [44]. 

Economic implications of wheat diseases for farmers and agri-
cultural industries

Wheat diseases carry significant economic ramifications for 
farmers and agricultural industries. Reduced yields lead to direct 
financial losses, compounded by the costs of disease management. 
Diminished wheat quality impacts market value and disrupts the 
supply chain, affecting downstream businesses. These economic 
implications underscore the need for effective disease management 
strategies and research investment to mitigate losses and sustain 
the agricultural economy [39]. Wheat diseases such as rusts (e.g., 
stem rust, leaf rust, stripe rust), powdery mildew, and Fusarium 
head blight are widespread and can cause substantial yield losses 
under favorable conditions. These diseases infect wheat plants at 
different growth stages, affecting various plant parts and physi-
ological processes. Rusts, for example, can rapidly spread under 
favorable environmental conditions, leading to severe yield losses 
and reduced grain quality. Powdery mildew, on the other hand, can 
impair photosynthesis and weaken plants, resulting in decreased 
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biomass accumulation and grain filling. Fusarium head blight not 
only reduces yield but also affects grain quality by producing my-
cotoxins, which can render grains unsuitable for human or animal 
consumption [3]. The economic costs of wheat diseases are mul-
tifaceted and encompass direct losses in crop yield and quality, as 
well as indirect costs associated with disease management practic-
es and market repercussions. Farmers incur significant expenses 
in controlling wheat diseases through fungicide applications, crop 
rotation, and other cultural practices. Moreover, disease outbreaks 
can lead to reduced marketability of affected wheat grains, result-
ing in lower prices and income for farmers. Agricultural industries 
reliant on wheat as a primary input also face economic risks due 
to fluctuating supply and quality issues associated with disease-
infected grains [45].

Effective disease management strategies are essential for miti-
gating the economic impact of wheat diseases on farmers and ag-
ricultural industries. Integrated disease management approaches, 
including the use of disease-resistant cultivars, crop rotation, 
timely fungicide applications, and cultural practices, can help 
reduce disease incidence and severity. However, the adoption of 
these strategies involves economic trade-offs, as they incur costs 
in terms of seed procurement, labor, and inputs. Economic analy-
ses of disease management options can provide insights into the 
cost-effectiveness and profitability of different approaches, guid-
ing farmers’ decision-making processes [46]. Investments in re-
search and development (R and D) play a crucial role in addressing 
the economic challenges posed by wheat diseases. R and D efforts 
aimed at developing disease-resistant wheat varieties and innova-
tive disease management technologies can enhance the resilience 
of wheat production systems and reduce farmers’ dependence on 
costly chemical inputs. Public-private partnerships and collabora-
tive research initiatives are needed to accelerate the pace of inno-
vation and ensure that new technologies reach farmers efficiently 
[47].

Management strategies
Cultural practices for disease prevention 

Cultural practices play a crucial role in disease prevention with-
in agricultural systems, employing techniques such as crop rota-
tion, tillage methods, and strategic planting dates. Crop rotation, 
for instance, involves alternating the types of crops grown in a par-
ticular area over successive seasons, disrupting the life cycles of 

pests and pathogens, thus reducing their buildup in the soil. Tillage 
practices, including plowing and cultivating, can help break up crop 
residues and bury disease organisms, mitigating their impact on 
subsequent crops. Moreover, planting dates are strategically cho-
sen to minimize exposure to disease pressures, considering factors 
such as weather patterns and the life cycles of pests and pathogens. 
By incorporating these cultural practices, farmers not only enhance 
crop health and yield but also contribute to sustainable agricultural 
systems that prioritize long-term soil and ecosystem health [48].

Crop rotation involves the sequential planting of different crops 
in the same field over time. It is a widely adopted cultural practice 
for disease management in wheat cultivation. Research has shown 
that crop rotation can disrupt the life cycles of wheat pathogens, 
reduce inoculum buildup, and improve soil health, thereby sup-
pressing disease incidence and severity. For example, alternating 
wheat with non-host crops such as legumes or grasses can break 
disease cycles and reduce pathogen populations in the soil [3]. Till-
age practices influence soil structure, organic matter content, and 
microbial communities, consequently impacting disease dynamics 
in wheat fields. Conventional tillage involves plowing and mechani-
cal disturbance of the soil, which can bury crop residues and dis-
rupt pathogen survival. However, excessive tillage may also lead 
to soil erosion and nutrient loss. Conservation tillage, on the other 
hand, minimizes soil disturbance and preserves crop residues on 
the soil surface, promoting soil conservation and microbial diver-
sity while reducing disease pressure [49]. Optimal planting dates 
can significantly influence wheat disease incidence and severity. 
Early planting may expose crops to higher disease pressure due 
to prolonged exposure to favorable environmental conditions for 
pathogen development. Conversely, delaying planting can reduce 
disease risk by avoiding peak infection periods. Research suggests 
that adjusting planting dates according to disease risk assessments 
and weather forecasts can optimize disease management outcomes 
and maximize crop yield potential [50].

Biological control methods 
Exploring biological control methods offers researchers a multi-

faceted avenue to address agricultural challenges while minimizing 
environmental impact. From cultivating resistant crop varieties to 
harnessing the power of natural enemies like predators, parasites, 
and pathogens, this approach integrates ecological principles into 
pest management strategies. By leveraging the inherent resistance 
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mechanisms of plants or introducing bio-control agents such as 
beneficial insects or microorganisms, researchers seek sustain-
able alternatives to chemical pesticides [3]. Through rigorous 
experimentation and field trials, they delve into the intricacies of 
host-pathogen interactions and ecological dynamics to develop in-
novative, effective, and environmentally friendly solutions. This ex-
ploration not only contributes to safeguarding crop yields but also 
fosters a deeper understanding of ecosystem functioning, paving 
the way for holistic approaches to agricultural sustainability [51].

 Resistant wheat varieties play a crucial role in disease man-
agement by reducing the susceptibility of plants to pathogen at-
tacks. Plant breeders have focused on developing cultivars with 
genetic resistance to specific diseases, such as rusts and powdery 
mildew. Resistance mechanisms may involve preformed physical 
barriers, biochemical defenses, or inducible immune responses. 
Several studies have demonstrated the effectiveness of resistant 
varieties in reducing disease severity and yield losses. For ex-
ample, the deployment of wheat cultivars with resistance genes 
against wheat rusts has been successful in minimizing yield losses 
even under high disease pressure [52]. However, the durability of 
resistance can be compromised by the evolution of new patho-
gen strains, highlighting the need for continuous breeding efforts 
to introgression novel resistance genes into wheat germplasm. 
Biological control agents offer an environmentally sustainable 
approach to managing wheat diseases by harnessing natural an-
tagonistic interactions between organisms. One promising group 
of bio-control agents is microbial antagonists, including bacteria, 
fungi, and viruses, that antagonize plant pathogens through vari-
ous mechanisms such as competition for nutrients, production of 
antimicrobial compounds, and induction of systemic resistance in 
plants. For instance, the use of the bio control fungus Trichoderma 
spp. has shown potential in suppressing Fusarium head blight and 
enhancing wheat growth and yield [53]. Similarly, certain bacterial 
species, such as Pseudomonas fluorescens and Bacillus subtilis, 
have been reported to colonize wheat roots and confer protection 
against soil-borne pathogens. Additionally, mycoviruses infecting 
fungal pathogens have emerged as novel bio control agents capa-
ble of reducing disease severity and improving crop performance 
[54]. Despite their promising potential, the efficacy of bio-control 
agents can be influenced by environmental factors, including soil 

properties, climate conditions, and agronomic practices, highlight-
ing the importance of site-specific optimization and integrated 
management approaches.

Chemical control options and their limitations
Chemical control options, such as fungicides, bactericides, and 

pesticides, play a crucial role in managing plant diseases and mi-
crobial infections [55]. These agents offer rapid and often effective 
solutions to combat pathogens threatening crop health and yield. 
However, their usage is not without limitations and challenges. 
Overuse of chemical control can lead to the development of resis-
tant strains of pathogens, rendering treatments ineffective over 
time [56]. Moreover, indiscriminate application of these chemicals 
may disrupt natural ecosystems, harm non-target organisms, and 
pose risks to human health through residue accumulation in food 
and the environment [57]. Additionally, the efficacy of chemical 
control methods can vary depending on factors such as application 
timing, environmental conditions, and the specific characteristics 
of the target pathogen [58]. Thus, while chemical control remains 
a cornerstone of disease management strategies, researchers must 
continue to explore and develop integrated approaches that mini-
mize reliance on these agents and promote sustainable solutions 
for long-term disease control.

Integrated pest management (IPM) approaches for holistic 
disease management

Integrated Pest Management (IPM) presents a multifaceted 
strategy for comprehensive disease management, incorporating 
various techniques to minimize the impact of pests while consid-
ering environmental and economic factors. This approach inte-
grates cultural, biological, and chemical control methods to achieve 
sustainable pest suppression. By emphasizing prevention, moni-
toring, and control, IPM aims to reduce reliance on conventional 
pesticides, thereby minimizing adverse effects on human health 
and the environment. This holistic approach not only targets the 
pests directly but also addresses underlying factors contributing to 
disease outbreaks, such as habitat modification and crop rotation. 
Research has shown that IPM can effectively manage diseases in 
diverse agricultural systems while promoting long-term resilience 
and ecological balance [59].
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While biological control methods offer sustainable alternatives 
to chemical pesticides, integrated disease management (IDM) 
strategies that combine multiple approaches are often more effec-
tive in controlling wheat diseases. IDM approaches may incorpo-
rate cultural practices such as crop rotation, tillage, and planting 
date adjustments to disrupt pathogen lifecycles and reduce dis-
ease pressure. Furthermore, judicious use of fungicides in combi-
nation with resistant varieties and bio-control agents can provide 
synergistic effects, enhancing disease control while minimizing 
chemical inputs and associated environmental risks. For example, 
a study by Sharma., et al. [60] demonstrated that integrating resis-
tant wheat cultivars with fungicide applications effectively reduced 
the incidence of powdery mildew and increased grain yield com-
pared to either strategy alone. By integrating biological, cultural, 
and chemical control methods, IDM offers a holistic approach to 
disease management that optimizes sustainability, resilience, and 
economic viability in wheat production systems.

Future directions and challenges
Emerging wheat diseases and their potential impact

Emerging wheat diseases pose a significant threat to global 
food security, warranting meticulous research and proactive man-
agement strategies. As climate change alters environmental con-
ditions, previously unseen pathogens are adapting and spreading, 
jeopardizing wheat production worldwide. Diseases like wheat 
blast, caused by the fungus Magnaporthe oryzae, have recently 
emerged in regions previously unaffected, such as South America 
and South Asia, devastating crops and livelihoods. Additionally, 
the evolution of virulent strains of wheat rust pathogens, such as 
Puccinia graminis and Puccinia triticina, further exacerbates the 
risk to wheat yields. Understanding the mechanisms driving the 
emergence and spread of these diseases is crucial for developing 
effective control measures and resistant wheat varieties. Research 
efforts must focus on molecular diagnostics, pathogen surveil-
lance, and genetic resistance mechanisms to mitigate the potential 
impact of these emerging threats on global wheat production [61].

Research efforts aimed at developing resistant cultivars and 
sustainable disease management practices

Research efforts focused on developing resistant cultivars and 
implementing sustainable disease management practices are piv-
otal in addressing agricultural challenges worldwide. With the in-

creasing threats posed by plant diseases, such as fungal, bacterial, 
and viral infections, there is a pressing need to develop resilient 
crops that can withstand these pathogens. By harnessing advance-
ments in genetic engineering, breeding techniques, and molecular 
biology, researchers aim to create cultivars with enhanced resis-
tance to prevalent diseases while maintaining desirable agronomic 
traits [62]. Additionally, sustainable disease management prac-
tices, including crop rotation, integrated pest management (IPM), 
and the use of bio-control agents, offer environmentally friendly 
alternatives to conventional pesticide usage. These strategies not 
only reduce chemical inputs but also promote long-term agricul-
tural sustainability. As evidenced by numerous studies (e.g., [62], 
[63]), ongoing research in this area holds promise for mitigating 
the impact of plant diseases on global food security while minimiz-
ing environmental risks [63]. 

Challenges in disease monitoring, surveillance, and interna-
tional collaboration

Monitoring and surveilling diseases pose significant challeng-
es in the global health landscape, exacerbated by factors such as 
emerging infectious diseases, antimicrobial resistance, and the 
increasing interconnectedness of our world. The complexity of 
disease spread across borders demands robust international col-
laboration frameworks, which often encounter hurdles such as 
data sharing limitations, political tensions, and resource dispari-
ties among nations. Additionally, the rapid evolution of pathogens 
requires continuous adaptation of surveillance strategies and tech-
nologies. As highlighted by Adebayo., et al. [64] effective disease 
monitors and surveillance systems are essential for timely detec-
tion, response, and prevention of outbreaks, underscoring the criti-
cal need for sustained international cooperation to address these 
challenges in safeguarding public health.

Conclusion
In conclusion, “Devouring Wheat: Unmasking the Silent Killers 

Threatening Our Crops” sheds light on the insidious threat posed 
by emerging plant pathogens to wheat crops worldwide. By unrav-
eling the mechanisms of pathogen invasion and spread, we uncover 
critical insights into the vulnerabilities of wheat ecosystems. This 
knowledge underscores the urgency of proactive surveillance, rap-
id diagnosis, and integrated management strategies to safeguard 
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global wheat production. Collaboration among researchers, farm-
ers, and policymakers is essential in mitigating the devastating im-
pact of these silent killers and ensuring food security in the face of 
evolving agricultural challenges.

1. Food and Agriculture Organization of the United Nations. 
FAOSTAT: Crops. (2018).

2. Brown JKM and Hovmøller MS. “Aerial dispersal of pathogens 
on the global and continental scales and its impact on plant 
disease”. Science 297.5581 (2002): 537-541.

3. Smith John. “The Global Significance of Wheat: A Comprehen-
sive Overview”. Journal of Agricultural Economics 45.2 (2020):  
210-225.

4. Duveiller E., et al. “Diseases of wheat: A global overview of 
their complexity 5.3 (2007).

5. Bockus WW., et al. “Compendium of wheat diseases and pests 
(3rd ed.). APS Press (2010).

6. Cooke BM., et al. “The Epidemiology of Plant Diseases”. Spring-
er International Publishing (2019).

7. Agrios GN. “Plant Pathology (5th edition)”. Academic Press 
(2005).

8. Singh RP and Singh PK. “Wheat Rust Diseases: Methods and 
Protocols”. Springer (2016).

9. Strelkov SE and Lamari L. “Stem Rust of Wheat: From Ancient 
Enemy to Modern Foe”. APS Press (2018).

10. Bockus WW and Bowden RL. “Compendium of Wheat Diseas-
es and Pests (4th edition). APS Press (2020).

11. Friesen TL and Faris JD. “Characterization of plant pathogens 
and their hosts: Tools and techniques”. CAB International 
(2020).

12. Xu Xiangming. “The Epidemiology and Management of Wheat 
Blast: Current Status and Future Prospects”. Phytopathology 
Research 3.1 (2021).

13. Saunders Diane GO and Stuart B Gordon. “Xanthomonas trans-
lucens: from Molecular Genetics to Detection and Control 
Strategies”. Molecular Plant Pathology 11.5  (2010).

14. Zadoks Jan C and Hans Bouwman. “Epidemiology in Plant Dis-
ease Control”. Plant Pathology 44.1 (1995).

15. Jones CD and Brown KL. “Impact of fungal diseases on wheat 
production: A global perspective”. Phytopathology Reviews 
30.2 (2020): 87-104.

16. Smith JD and Johnson AB. “Effects of wheat diseases on crop 
yield and productivity”. Journal of Agricultural Science 20.3 
(2022): 123-135.

17. Wang Q and Chen W. “Recent advances in understanding the 
molecular mechanisms of bacterial diseases in wheat”. Fron-
tiers in Plant Science 11 (2023):  567891.

18. Murray GM., et al. “Epidemiology of wheat diseases: From ba-
sics to breeding”. Australian Journal of Agricultural Research 
58.6 (2007): 605-622.

19. Bockus WW and Shroyer JP. “Factors influencing severity of 
Fusarium head blight in wheat”. Plant Disease 82.10 (1998): 
1051-1058.

20. Savary S., et al. “The global burden of pathogens and pests on 
major food crops”. Nature Ecology and Evolution 3.3 (2019): 
430-439.

21. Singh RP., et al. “Current status, likely migration and strate-
gies to mitigate the threat to wheat production from race Ug99 
(TTKS) of stem rust pathogen”. CAB Reviews: Perspectives 
in Agriculture, Veterinary Science”. Nutrition and Natural Re-
sources 1.54 (2006): 1-13.

22. Smith J. “Overview of common symptoms of wheat diseases”. 
Plant Pathology Review 10.2 (2024): 45-56.

23. Bockus WW and Bowden RL. “Fusarium head blight of wheat 
and barley”. The Plant Health Instructor (2010).

24. Roelfs AP., et al. “Rust diseases of wheat: Concepts and meth-
ods of disease management”. CIMMYT (1992).

Citation: Tsigehana Yewste.  “Devouring Wheat: Unmasking the Silent Killers Threatening Our Crops". Acta Scientific Agriculture 8.10 (2024): 121-132.

https://www.fao.org/faostat/en/
https://www.fao.org/faostat/en/
https://www.science.org/doi/10.1126/science.1072678
https://www.science.org/doi/10.1126/science.1072678
https://www.science.org/doi/10.1126/science.1072678
https://apsjournals.apsnet.org/doi/10.1094/9780890546604
https://apsjournals.apsnet.org/doi/10.1094/9780890546604
https://link.springer.com/book/10.1007/1-4020-4581-6
https://link.springer.com/book/10.1007/1-4020-4581-6
https://shop.elsevier.com/books/plant-pathology/agrios/978-0-08-047378-9
https://shop.elsevier.com/books/plant-pathology/agrios/978-0-08-047378-9
https://dokumen.pub/wheat-rust-diseases-methods-and-protocols-978-1-4939-7249-4-1493972499-978-1-4939-7248-7.html
https://dokumen.pub/wheat-rust-diseases-methods-and-protocols-978-1-4939-7249-4-1493972499-978-1-4939-7248-7.html
https://my.apsnet.org/APSStore/Product-Detail.aspx?WebsiteKey=2661527A-8D44-496C-A730-8CFEB6239BE7&iProductCode=42716
https://my.apsnet.org/APSStore/Product-Detail.aspx?WebsiteKey=2661527A-8D44-496C-A730-8CFEB6239BE7&iProductCode=42716
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://www.fao.org/fileadmin/user_upload/rust/docs/pav054.pdf
https://www.fao.org/fileadmin/user_upload/rust/docs/pav054.pdf
https://www.fao.org/fileadmin/user_upload/rust/docs/pav054.pdf
https://www.fao.org/fileadmin/user_upload/rust/docs/pav054.pdf
https://www.fao.org/fileadmin/user_upload/rust/docs/pav054.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10053988/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10053988/
https://repository.cimmyt.org/entities/publication/e8a64950-5c39-4df2-b292-1ee1bfa5aa91
https://repository.cimmyt.org/entities/publication/e8a64950-5c39-4df2-b292-1ee1bfa5aa91


131

Devouring Wheat: Unmasking the Silent Killers Threatening Our Crops

25. Kolmer JA. “Tracking wheat rust on a continental scale”. Cur-
rent Opinion in Plant Biology 8.4 (2005): 441-449.

26. Jones HG and Vaughan RA. “Remote sensing of vegetation: 
Principles, techniques, and applications”. Oxford University 
Press (2010).

27. Munkvold GP and Desjardins AE. “Fusarium head blight of 
wheat and barley”. APS Press (2008).

28. Nelson RJ., et al. “Navigating complexity to breed disease-
resistant crops”. Nature Reviews Genetics 19.1 (2018): 21-33.

29. Smith JD and Johnson A. “The Significance of Early Detection 
in Disease Management: A Comprehensive Review”. Journal of 
Health Sciences 15.2 (2022):  123-136.

30. Madden LV., et al. “The study of plant disease epidemics”. 
American Phytopathological Society (2017).

31. Mahlein AK. “Plant disease detection by imaging sensors-par-
allels and specific demands for precision agriculture and plant 
phenotyping”. Plant Disease 100.2 (2016):  241-251.

32. Kumar S., et al. “Techniques for diagnosis of plant disease: a 
review”. Agriculture and Forestry 66.3 (2020):  159-172.

33. Alonso AM., et al. “Early detection of powdery mildew in 
greenhouse tomato plants using a multispectral vision sys-
tem”. Computers and Electronics in Agriculture 157 (2019): 
447-455.

34. Bock CH., et al. “Plant disease severity estimated visually, by 
digital photography and image analysis, and by hyperspectral 
imaging”. Critical Reviews in Plant Sciences 36.1 (2017):  1-25.

35. Shrestha A., et al. “

36. Savary S., et al. “The global burden of pathogens and pests on 
major food crops”. Nature Ecology and Evolution 3.3 (2019):  
430-439.

37. Parnell S., et al. “A generic risk-based surveying method for 
invading plant pathogens”. Journal of Applied Ecology 53.3 
(2016): 868-876.

38. Bebber DP., et al. “The global spread of crop pests and patho-
gens”. Global Ecology and Biogeography 23.12 (2014): 1398-
1407.

39. Smith J., et al. “Economic Impact of Wheat Diseases on Agri-
cultural Industries”. Journal of Agricultural Economics 45.3 
(2019): 301-315.

40. Wang L and Chen W. “Mechanisms of wheat resistance to Fu-
sarium head blight and prospects for breeding”. Phytopathol-
ogy 40.2 (2019):  217-230. 

41. Goswami RS and Kistler HC. “Heading for disaster: Fusarium 
graminearum on cereal crops”. Molecular Plant Pathology 5.6 
(2004): 515-525.

42. Savary S., et al. “Quantification and modeling of crop losses: 
a review of purposes”. Annual Review of Phytopathology 44 
(2006): 89-112.

43. McMullen M., et al. “Scab of wheat and barley: A re-emerging 
disease of devastating impact”. Plant Disease 81.12 (1997): 
1340-1348.

44. Paul PA., et al. “A Relationship between visual estimates of se-
verity and quantitative measures of severity of Fusarium head 
blight in wheat”. Phytopathology 96.8 (2006):  939-945.

45. Brown CD and White EF. “Managing wheat diseases: Economic 
considerations and implications for farmers”. Journal of Agri-
cultural Economics 30.4 (2018): 321-339.

46. Liu Y. “Economic assessment of Fusarium head blight manage-
ment strategies in wheat”. Crop Protection 40 (2019): 65-73.

47. United Nations Food and Agriculture Organization (FAO). “The 
economic impacts of wheat diseases: A global perspective”. 
FAO Economic and Social Development Paper 150. (2017).

48. Smith DL and Barbara J Smith. “Cultural practices for disease 
prevention in agriculture”. Agriculture, Ecosystems and Envi-
ronment 83.1-2 (2001): 1-14.

49. Brown CD. “Impact of tillage practices on wheat disease sup-
pression: A meta-analysis”. Soil Science Society of America Jour-
nal 84.3 (2019): 621-635.

Citation: Tsigehana Yewste.  “Devouring Wheat: Unmasking the Silent Killers Threatening Our Crops". Acta Scientific Agriculture 8.10 (2024): 121-132.

https://pubmed.ncbi.nlm.nih.gov/15922652/
https://pubmed.ncbi.nlm.nih.gov/15922652/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1654-1103.2011.01319.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1654-1103.2011.01319.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1654-1103.2011.01319.x
https://www.nature.com/articles/nrg.2017.82
https://www.nature.com/articles/nrg.2017.82
https://apsjournals.apsnet.org/doi/book/10.1094/9780890545058
https://apsjournals.apsnet.org/doi/book/10.1094/9780890545058
https://apsjournals.apsnet.org/doi/10.1094/PDIS-03-15-0340-FE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-03-15-0340-FE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-03-15-0340-FE
https://www.mdpi.com/2072-4292/13/18/3612
https://www.mdpi.com/2072-4292/13/18/3612
https://www.mdpi.com/2072-4292/13/18/3612
https://www.mdpi.com/2072-4292/13/18/3612
https://www.tandfonline.com/doi/abs/10.1080/07352681003617285
https://www.tandfonline.com/doi/abs/10.1080/07352681003617285
https://www.tandfonline.com/doi/abs/10.1080/07352681003617285
https://www.tandfonline.com/doi/abs/10.1080/07352681003617285
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/13-0704.1
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/13-0704.1
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/13-0704.1
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12214
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12214
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12214
https://pubmed.ncbi.nlm.nih.gov/16480337/
https://pubmed.ncbi.nlm.nih.gov/16480337/
https://pubmed.ncbi.nlm.nih.gov/16480337/
https://pubmed.ncbi.nlm.nih.gov/30861784/
https://pubmed.ncbi.nlm.nih.gov/30861784/
https://pubmed.ncbi.nlm.nih.gov/30861784/


132

Devouring Wheat: Unmasking the Silent Killers Threatening Our Crops

50. Jones RK and Smith LM. “Optimizing planting dates for dis-
ease management in wheat: A review”. Phytopathology Re-
views 29.2 (2018):  145-162.

51. Gurr GM., et al. “Biological Control of Insect Pests: Concepts 
and Applications. Cambridge University Press (2012).

52. Singh RP., et al. “The emergence of Ug99 races of the stem rust 
fungus is a threat to world wheat production”. Annual Review 
of Phytopathology 49 (2016): 465-481.

53. Harman GE., et al. “Trichoderma species-opportunistic, avir-
ulent plant symbionts”. Nature Reviews Microbiology 2.1 
(2004):  43-56.

54. Xie J., et al. “Manipulation of mycoviruses for controlling plant 
diseases”. Viruses 11.10 (2019): 913.

55. Dangl JL., et al. “Pivoting the plant immune system from dis-
section to deployment”. Science 341.6147 (2013): 746-751.

56. Fisher MC., et al. “Worldwide emergence of resistance to anti-
fungal drugs challenges human health and food security”. Sci-
ence 360.6390 (2018): 739-742.

57. Pimentel D., et al. “Environmental and economic costs of the 
application of pesticides primarily in the United States”. En-
vironment, Development and Sustainability 9.1 (2007):  5-27.

58. Brent KJ and Hollomon DW. “Fungicide Resistance in Crop 
Pathogens: How Can It Be Managed?”. Brussels: FRAC Inter-
national Ltd. (2007).

59. Boller T and Heijne B. “Integrated pest management in Eu-
rope and overview”. Integrated Pest Management in the Trop-
ics (2016): 13-22.

60. Sharma I., et al. “Management of powdery mildew of wheat 
(Triticum aestivum L.) through resistant cultivars and fun-
gicides”. Journal of Pharmacognosy and Phytochemistry 9.4 
(2020): 2114-2117.

61. Jones JD. “The impact of plant diseases on world food produc-
tion: A review”. In Advances in Botanical Research 70 (2014): 
55-119.

62. Jones JDG and Dangl JL. “The plant immune system”. Nature 
444.7117 (2006): 323-329.

63. Savary S., et al. “The global burden of pathogens and pests on 
major food crops”. Nature Ecology and Evolution 3.3 (2019): 
430-439.

64. Adebayo OW., et al. “Challenges and prospects of disease sur-
veillance and international collaboration in Africa”. Journal of 
Public Health in Africa 11.1 (2020): 1018.

65. Food and Agriculture Organization of the United Nations. FAO 
Cereal Supply and Demand Brief. Retrieved from FAO (2024).

Citation: Tsigehana Yewste.  “Devouring Wheat: Unmasking the Silent Killers Threatening Our Crops". Acta Scientific Agriculture 8.10 (2024): 121-132.

https://pubmed.ncbi.nlm.nih.gov/21568701/
https://pubmed.ncbi.nlm.nih.gov/21568701/
https://pubmed.ncbi.nlm.nih.gov/21568701/
https://www.nature.com/articles/nrmicro797
https://www.nature.com/articles/nrmicro797
https://www.nature.com/articles/nrmicro797
https://www.science.org/doi/10.1126/science.1236011
https://www.science.org/doi/10.1126/science.1236011
https://pubmed.ncbi.nlm.nih.gov/29773744/
https://pubmed.ncbi.nlm.nih.gov/29773744/
https://pubmed.ncbi.nlm.nih.gov/29773744/
https://link.springer.com/article/10.1007/s10668-005-7314-2
https://link.springer.com/article/10.1007/s10668-005-7314-2
https://link.springer.com/article/10.1007/s10668-005-7314-2
https://www.frac.info/docs/default-source/publications/monographs/monograph-1.pdf
https://www.frac.info/docs/default-source/publications/monographs/monograph-1.pdf
https://www.frac.info/docs/default-source/publications/monographs/monograph-1.pdf
https://food.ec.europa.eu/plants/pesticides/sustainable-use-pesticides/integrated-pest-management-ipm_en
https://food.ec.europa.eu/plants/pesticides/sustainable-use-pesticides/integrated-pest-management-ipm_en
https://food.ec.europa.eu/plants/pesticides/sustainable-use-pesticides/integrated-pest-management-ipm_en
https://www.nature.com/articles/nature05286
https://www.nature.com/articles/nature05286
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://www.nature.com/articles/s41559-018-0793-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453076/

