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lant diseases caused by fungi result in significant yield losses across crops. Effective

disease management relies heavily on fungicides, but understanding their mode of action
at the cellular level is equally important. One of the major targets within fungal cells is the
mitochondria, often referred to as the “powerhouse of the cell”, which plays a crucial role in
fungal survival and pathogenicity (Bilska et al., 2018; Kulik et al., 2020).

What are mitochondria?

Mitochondria are double membrane-bound organelles responsible for energy production in
the form of ATP through oxidative phosphorylation. This energy is essential for fungal
growth, reproduction, and infection processes. Any disruption in mitochondrial function
directly affects fungal viability (Malina et al., 2018).

How fungicides target mitochondria

Many fungicides act by interfering with the electron transport chain (ETC) present in the
inner mitochondrial membrane. This chain is responsible for ATP generation, and its
disruption leads to energy starvation in fungal cells (Grahl et al., 2012).

Key target sites in mitochondria

e Complex I: Inhibitors block electron transfer from NADH

Complex II: Targeted by fungicides such as carboxin and boscalid

Complex 111 Inhibited by strobilurins (Qol fungicides)

Complex IV: Affected by heme-binding inhibitors like cyanide

Complex V: ATP synthesis is blocked

Disruption at any of these stages prevents energy production, ultimately leading to fungal
death (Kulik et al., 2020).

Fungicide resistance and mitochondria
Fungal pathogens can develop resistance to fungicides, often involving mitochondrial
mechanisms.

Major resistance mechanisms

e Mutation in cytochrome b gene: Common mutations such as G143A and F129L alter
fungicide binding sites, reducing efficacy (Fernandez et al., 2008).

o Alternative respiration: Fungi can bypass blocked pathways using alternative oxidase
(AOX), though this pathway produces less energy and reduces fungal efficiency
(Fernandez et al., 2008).

o Efflux transporters: Membrane proteins such as ABC transporters actively remove
fungicides from fungal cells, lowering their toxicity (Fernandez et al., 2008).
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Role of mitochondria in fungal virulence

Mitochondria influence several key processes related to fungal pathogenicity:

e Growth and development

e Spore production

« Formation of infection structures

Disruption of mitochondrial genes has been shown to reduce fungal growth and virulence,
highlighting their importance in disease development (Verma et al., 2018; Mahlert et al.,
2009).

Hypovirulence and mitochondrial dysfunction

Hypovirulence refers to reduced disease-causing ability of pathogens and is often associated
with mitochondrial defects.

e Reduced growth and sporulation

o Lower disease severity

o Altered respiration pathways

Such mitochondrial dysfunction can be exploited for biological control strategies (Bertrand et
al., 2000; Mahanti et al., 1993).

Importance in plant disease management

Understanding mitochondrial processes provides new opportunities for improving disease
management strategies:

o Development of targeted fungicides

e Improved control efficiency

« Reduced resistance development

o Scope for sustainable and eco-friendly approaches

Conclusion

Mitochondria play a central role in fungal survival, virulence, and response to fungicides.
Targeting mitochondrial processes has proven to be an effective strategy in plant disease
management. Advances in mitochondrial research will support the development of more
efficient and sustainable fungicides, ensuring better crop protection and productivity.
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