
INTRODUCTION 

Introduction to fungal pathogen 
Fungal pathogens are becoming more widely acknowledged 
as a serious hazard to agricultural systems worldwide, 
causing notable production losses and presenting a serious 
obstacle to food security (Almeida et al, 2019). In recent 
times, there has been a surge in the introduction of new and 
more pathogenic fungus species (Figueroa et al, 2018). These 
variables include intensified agricultural practices, climate 
change, and worldwide trade (Bozzola et al, 2023). These 
circumstances have made it easier for infections to move to 
new areas, which has resulted in the emergence of diseases 
that were previously undiscovered and the reappearance of 
infections that were previously under control (Kanja et al, 
2020). The risk of crop infections has increased due to the 

creation of ideal conditions for fungal growth, reproduction, 
and dissemination by rising global temperatures, changing 
precipitation patterns, and increased humidity (Burdon et 
al, 2008). Numerous factors, such as the expansion of the 
pathogen’s spectrum and genetic alterations, contribute to the 
formation of these fungal infections (Kumar Reddy et al, 2022). 
Fungal pathogens utilize complex molecular mechanisms, 
like secreting effector proteins, to subvert host plant defenses, 
elude immune responses, and effectively infiltrate plant tissues 
(Kanja et al, 2020). This is especially true for biotrophic fungal 
infections, such as rust species, which depend on living host 
cells to finish their life cycles and inflict severe illnesses on 
vital crops like wheat (Mapuranga et al, 2022).  An estimated 
$4.3 to $5 billion in losses occur globally each year due to 
wheat rust bacteria alone (Figueroa et al, 2018). Many factors 
contribute to the creation of these fungal infections, such as the 
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spread of the pathogen’s range, genetic mutations that modify 
the pathogen’s virulence or host specificity, and alterations in 
the environment that heighten the pathogen’s aggressiveness 
and host susceptibility (Almeida et al, 2019). Global warming 
is encouraging the spread of pathogenic fungi into previously 
uninhabitable regions and higher latitudes, which has 
intensified these dynamics (Nnadi et al, 2021). The problem has 
been made worse by the abuse of chemical fungicides, which 
has undermined conventional disease control methods and 
resulted in the emergence of strains resistant to the chemicals 
(Ons et al, 2020). There are significant negative effects on the 
environment and economy, with one of the main causes of 
agricultural losses worldwide being pathogenic fungi (Peng et 
al, 2021). These losses highlight the critical need for integrated 
pest management plans as well as an additional study into 
the epidemiology, evolutionary biology, and management of 
fungal diseases, especially concerning staple crops like wheat 
(Deguine et al, 2021). In light of the possibility of a pandemic 
of fungal origin, comprehending the mechanisms behind the 
formation of fungal pathogens is essential for creating long-
term food security and sustainable crop protection strategies 
(Fisher MC et al, 2016).
Comprehensive knowledge of pathogens, fungal 
pathogens, and their ecological roles
Pathogens are microorganisms such as viruses, bacteria, fungi, 
and parasites that infect host organisms and cause disease by 
disrupting normal biological processes (Alberts B et al, 2002). 
In the context of agriculture, pathogens are a major threat to 
plant health, as they cause diseases that lead to significant 
reductions in crop yield, quality, and economic value (Singh 
et al, 2023). Fungal pathogens, in particular, are a diverse 
group of disease-causing fungi that infect plants through 
various mechanisms (Gladieux et al, 2010). These pathogens 
are distinguished by their ability to invade plant tissues, either 
by penetrating the surface or exploiting natural openings, and 
they often release enzymes, toxins, and effector proteins that 
weaken or suppress the plant’s immune system (Ons et al, 
2020). Fungal pathogens can be classified into two main types 
based on their mode of interaction with host plants: biotrophic 
and necrotrophic (Mapuranga et al, 2022). Biotrophic fungi, 
such as rust species (Puccinia spp), rely on living host cells 
to complete their life cycles and extract nutrients, while 
necrotrophic fungi, like Fusarium and Botrytis, kill host 
cells and feed on the dead tissue (Chhajed et al, 2020). Fungal 
pathogens are a major cause of plant diseases globally, leading 
to substantial agricultural losses in crops like wheat, rice, corn, 
and various fruits and vegetables. Wheat rust, for instance, has 
caused billions in losses annually (Gladieux et al, 2010). These 
pathogens are highly adaptable to diverse environments and 
have developed resistance to fungicides, complicating control 
efforts (Fisher et al, 2022). The rise of more virulent fungal 
strains is driven by factors such as climate change, which alters 
temperature and humidity patterns favorable for fungal growth, 
and global trade, which spreads pathogens to new regions. 
These dynamics underscore the growing challenge fungal 

pathogens pose to global agriculture (Lahlali et al, 2024).
The interaction between fungal pathogens and plants is a 

co-evolutionary arms race, with pathogens secreting effector 
proteins to suppress plant immune responses (Mukhi et al, 
2020). Plants counter by recognizing pathogen-associated 
molecular patterns (PAMPs) and activating defenses (Zhang 
et al, 2010). However, fungi evolve new virulence strategies, 
leading to resistance and complicating control, especially 
with fungicide overuse (Davies et al, 2021). Fungal pathogens 
threaten global food security, particularly in agriculture-
dependent regions, due to their adaptability and resistance 
development (Mwangi et al, 2023). Integrated management 
strategies, including resistant crop breeding, biological control, 
and early detection systems, are essential for sustainable crop 
protection against emerging fungal threats (Pandit et al, 2022).
Impact of fungal pathogens on agricultural crop systems
The overall effect of fungal pathogens on human health: aside 
from their ability to infect humans, fungi also cause damage 
to one-third of all food crops, harming global poverty and 
causing economic harm (Fisher et al., 2012). Five of the most 
important crops in the world—rice, wheat, maize, potatoes, 
and soybeans—have been lost as a result of fungal diseases, 
according to data from the worldwide harvest of 2009–2010 
(Almeida et al, 2019).  If losses had been prevented, these 
harvests would have been enough to feed 8.5% of the world’s 
seven billion people in 2011. In addition, if these five crops 
were affected simultaneously, there would be hunger for 
almost 61% of the world’s population (Fisher et al., 2012). The 
fungi that inflict the most economic harm are Magnaporthe 
oryzae, which affects rice and wheat, Botrytis cinerea, which 
has a broad host range, and Puccinia spp., which affects wheat 
(Pandit et al, 2022). Fungal diseases are presently affecting 
several vital tropical crops, such as coffee, cocoa, bananas, 
spices, mangos, and various nuts, which cannot be cultivated 
in colder climates (Drenth et al., 2016). Therefore, depending 
too much on foods cultivated in tropical areas coupled with 
a lack of preparedness and biodefense could have disastrous 
implications for the world economy (AL-Eitan et al, 2022). 

Figure. 1: This diagram illustrates the interconnectedness of fungal 
diseases, agriculture, and climate, emphasizing how global trade, 

intensive farming, and climate change facilitate the spread of infections 
(Zhou et al, 2024).
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Due to ecological imbalance, fungal infections of invertebrate 
hosts may potentially affect agricultural crises (Yiallouris et 
al, 2024).  For example, Ascosphaera and Aspergillus genera 
can induce fungal infections in bee broods (Jensen et al., 
2013), and the global agricultural output is heavily reliant 
on bee-mediated pollination (Aizen et al., 2009; Stein et al., 
2017). A fungus infection in bees has the potential to cause 
unprecedented damage to agriculture and a wide range of plant 
species (Bromenshenk et al., 2010). 
Factors contributing to the spread of fungal pathogens
Among the most common disease groups impacting crops 
are fungi. Fungi, in contrast to other plant diseases, are 
exceptionally skilled at surviving in a variety of environmental 
settings because of their complicated lives and capacity to 
create resistant spores (Kamoun et al, 2015). Fungi enter 
and colonize host plants through specific infection methods. 
While some fungi can infect several crops, others are host-
specific, targeting just specific plant species (Dean et al, 
2012). Coevolution among the infectious agent and its host, 
in which fungi develop specialized methods for overcoming 
host defenses, is frequently the driving force behind host 
specificity (Fisher et al, 2012). Important facets of fungal 
pathogenicity have been revealed by recent developments in 
molecular biology and genomics. Our knowledge of how fungi 
infect plants has improved as a result of the identification of 
genes linked to fungal virulence and host specificity through 
genomic investigations (Zhang et al, 2009).
Climate change: impact on fungal diseases
Despite the significant harm that climate change causes to 
human health, some pathogenic fungi are profiting from it 
(Gadre et al, 2022). They are gradually adjusting to rising 
temperatures, increasing in number and potentially growing 
more aggressive (Baker et al, 2022). This section reviews the 
adaptation of fungi to heat stress, discusses the observed and 
anticipated effects of climate change on the epidemiology of 
fungal infections, and explains how underlying anthropogenic 
variables that affect fungal ecosystems and host susceptibility 
may be impacted by climate change (Williams et al, 2024). 
Adaptation of pathogenic fungi to heat stress and climate 
change: Most fungal species have adjusted to environments 

very different from human bodies, they are unable to survive 
temperatures comparable to those of mammals due to their low 
thermal tolerance (Money et al, 2024). Although it is not the 
only component, thermal adaptability is a necessary condition 
for making fungus capable of infecting humans or other 
mammals (Gauthier et al, 2017). The fungal stress adaption 
machinery may find it easier to adapt to high temperatures in 
the environment as a result of rising temperatures, which could 
increase the pathogenicity of the fungi in people (Bakar et al, 
2020). Information is given about the metabolic alterations, 
heat stress, adaptive reactions, and temperature-sensing 
mechanisms that fungi experience in response to climate 
change (Gusa et al, 2023).
Various fungal pathogens and their control strategies
A variety of illnesses range from agricultural infections that 
endanger food security to infections that can be fatal for 
people, especially those with weakened immune systems. 
Fungal infections including rusts, blights, and wilts can 
destroy crops in agriculture, resulting in significant yield 
losses and economic difficulties (Thind et al, 2014). To preserve 
agricultural sustainability and crop output, these infections 
must be controlled. Effective control of fungal diseases requires 
an integrated strategy that combines chemical, biological, and 
cultural approaches (Bock et al, 2009). This strategy lowers 
the likelihood of resistance development and lessens the need 
for chemical fungicides alone. Chemical fungicide overuse 
has resulted in health and environmental problems. The goal 
of sustainable management techniques is to successfully stop 
the spread of pathogens while maintaining balance in the 
environment (Cattivelli et al, 2015).
Mechanisms for fungal pathogens in crops
Numerous advanced techniques are used by fungus pathogens 
in crops to enter and attack their hosts, resulting in substantial 
losses in agriculture. These fungi can directly go through the 
exterior cell walls of plants or enter through natural apertures 
like stomata (de Assis et al, 2024). To penetrate the plant’s 
surface and enable the fungus to get into and colonize host 
tissues, the appressorium produces a considerable amount of 
turgor pressure. After entering, fungal pathogens produce a 
series of enzymes that break down plant cell walls and aid 

Table 1: The spread and persistence of fungal diseases are influenced by a variety of environmental and human variables.
No. Factors Description References 
1. Climate Change Improves temperature, humidity, and precipitation patterns, making circumstances 

ideal for fungus development.
(Williams et al, 2024)

2. Global Trade Allows for the introduction and spread of fungal diseases across regions through 
the worldwide movement of crops and products.

(Steinberg et al, 2020)

3. Agricultural Intensification Large-scale agriculture and monoculture farming both increase disease 
susceptibility and spread.

(Emmerson et al, 2015)

4. Fungicide Resistance Overreliance on chemical fungicides promotes the growth of resistant fungus 
species, complicating control efforts.

(El-Baky et al, 2021)

5. Genetic Adaptation Fungal diseases rapidly develop new virulence techniques to overcome plant 
defenses and conventional management approaches.

(Esposito et al, 2023)

6. Human Activity Increased deforestation and land-use changes destabilize ecosystems, allowing 
pathogens to spread to new hosts.

(Lahlali et al, 2024)
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in subsequent invasion, such as cellulases, pectinases, and 
proteases (Raffaele et al, 2023). Furthermore, they release 
effectors, which are tiny proteins that block the plant’s defense 
mechanisms and alter its immune system, making it easier for 
the pathogen to spread itself (Anderson et al, 2024). Numerous 
fungi also release poisons that harm plant cells and foster fungal 
growth, leading to symptoms including wilting and necrosis. 

Additionally, several viruses develop specialized sucking 
structures called haustoria inside plant cells (Sánchez-Vallet 
et al, 2023). These structures take nutrients straight through 
the host, weakening the plant and facilitating the survival and 
growth of the pathogen. Together, these processes allow fungal 
pathogens to get past plant defenses, take nutrients from the 
crop, and propagate throughout it, resulting in illnesses that 
lower crop quality and output (Figueroa et al, 2024).

CONCLUSION 
A significant and growing threat to the well-being of 
ecosystems, financial stability, and worldwide food security 
is the emergence of fungal infections in agricultural crop 
systems. The rapid spread of these infections brought on by the 
interaction of variables including climate change, global trade, 
and agricultural intensification has led to the introduction of 
new diseases and the resurgence of ones that were previously 
under control. The ability of fungi to quickly adapt to new 
environments, develop pesticide resistance, and exploit host 
vulnerabilities is making them a greater threat to agricultural 
systems. Biotrophic fungi such as rust species continue to 
devastate staple crops like wheat, resulting in annual losses that 
contribute to crop health management challenges in addition to 
directly decreasing production. The fact that biotrophic fungi 
like rust species continue to decimate major crops like wheat, 

Table 2: The different fungal pathogens and their management strategies

Sr.no. Diseases Pathogen Crops Affected Symptoms Management References

1. Rust 
Disease

Puccinia spp., 
Uromyces 
spp., Hemileia 
vastatrix.

Coffee, barley, 
wheat, and 
other legumes.

Orange or yellow 
pustules on leaves 
and stems reduce 
crop yield and 
photosynthesis.

Planting rust-resistant cultivars, removing 
alternative hosts, applying fungicides early, and 
rotating crops are all components of effective 
rust management, which provides a strong 
defense against disease spread and yield loss.

(Mishra et 
al, 2021)

2. Anthracnose 
Disease

Colletotrichum 
spp.

Influence 
ornamental 
plants, fruits, 
and vegetables.

Pinkish spore masses 
may result from 
dark, deep lesions 
on fruits, stems, and 
foliage.

Crop rotation, clean seeds, low humidity, 
fungicides like mancozeb, and biological 
agents like Bacillus subtilis for pathogen 
control are all components of effective disease 
management.

(Adaskaveg 
et al, 1997)

3. Powdery 
Mildew
Disease

Erysiphe spp., 
Blumeria 
graminis, and 
Leveillula 
taurica.

Commonly 
found in 
ornamental 
plants, 
cucurbits, 
grapes, grains, 
and legumes.

Powdery white or 
gray patches on 
leaves, branches, and 
flowers can reduce 
photosynthesis and 
hinder growth.

The management of powdery mildew includes 
DMIs, sulfur fungicides, QoIs for pathogen 
control, resistant cultivars, and appropriate 
plant spacing and watering. In biological 
control, mildew is naturally targeted by the 
mycoparasite Ampelomyces Quisqualis.

(Glawe et 
al, 2008)

4. Fusarium 
Wilt
Disease

F. oxysporum 
f.sp. cubense 
for bananas.

Bananas, 
tomatoes, peas, 
melons, and 
more.

Plant mortality, 
vascular browning, 
and leaf withering 
and yellowing.

Crop rotation, resistant cultivars, and soil 
drainage are all part of fusarium control; 
rhizosphere infections are suppressed by 
Trichoderma spp. and soil additives. Root 
penetration problems limit chemical control.

(Dita M et 
al, 2018)

5. Rice Blast Magnaporthe 
oryzae

Mainly rice, 
impacting 
grains, leaves, 
and stems.

Diamond-shaped 
leaf lesions with 
brown borders and 
grey centers can 
significantly reduce 
yield if they infect 
spikes or clusters of 
flowers.

Resistant rice varieties help reduce blast 
disease. Avoid excessive cultivation and limit 
nitrogen fertilizer use to lower vulnerability. 
Apply fungicides like strobilurins and triazoles 
early, before symptoms appear, for effective 
control.

(Zhang et 
al, 2022)

Figure 2: Showing effective management strategies for fungal 
pathogens in agricultural crops
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causing annual losses of billions of dollars globally, makes 
managing crop health more challenging as a result of these 
infections. To counteract the impacts of fungal infections, 
integrated strategies combining state-of-the-art molecular 
biology, genomics, and sustainable agricultural techniques are 
required. Future studies should focus on developing innovative 
disease management strategies, increasing our understanding 
of the ecological and evolutionary mechanisms underlying 
pathogen emergence, and using genetic breeding to increase 
crop resilience. Sustainable, comprehensive solutions are 
required to lessen the long-term hazards that these illnesses 
pose and preserve the integrity of the global agricultural 
systems.
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