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Despite these defenses, necrotrophic fungi have evolved strategies to

Introduction suppress or evade the seed's immune responses. One such strategy is the
production of effector molecules that interfere with the host’s defense signaling
In the plant kingdom, seeds are pivotal units of propagation and survival, pathways. By disrupting hormonal crosstalk, the pathogen can weaken the

carrying the genetic blueprint for the next generation. However, the path seed’s immune response, making it more susceptible to infection. Furthermore,
to germination and growth is fraught with threats from diverse microbial necrotrophic fungi can induce PCD in host cells, turning a defense mechanism
pathogens, including bacteria, viruses, and fungi. Among these pathogens, against the seed itself. The induction of PCD allows the fungus to create a
necrotrophic fungi are particularly destructive as they utilize unique nutrient-rich environment from which it can derive sustenance, essentially
mechanisms to attack and destroy host tissues for nutrients. The interaction using the host's defenses to its advantage. The seed must therefore balance
between seeds and seed-borne necrotrophic fungal pathogens serves as a its use of PCD, activating it only in cells directly threatened by the pathogen
compelling model to examine the immune defenses embedded in seeds. while protecting the surrounding cells to contain the infection [4].
Necrotrophic fungi initiate infection by secreting toxins that kill host cells, a
process that allows the pathogens to exploit the nutrients released from the
dead cells. This interaction poses a challenge to the seed’s immune system,
which must mount a defense against a strategy designed to circumvent or
overpower its defences [1].

Studies on seed immune responses have highlighted the role of molecular
chaperones and Heat Shock Proteins (HSPs) in enhancing stress tolerance
under pathogen attack. These proteins help stabilize other proteins that may
be damaged by the stress of infection, thereby preserving the integrity of
cellular processes necessary for an effective immune response. Additionally,

The immune response in seeds is complex and multi-layered, HSPs can interact with components of the immune signaling pathways,
encompassing both structural and biochemical defenses. Structurally, the amplifying the seed’s defensive signaling. However, this response also comes
seed coat acts as a primary barrier, preventing the entry of pathogens. at a cost, as the resources allocated to produce HSPs and other stress-related
However, necrotrophic fungi possess enzymatic tools that can degrade proteins can deplete the seed's reserves, potentially impacting germination
this barrier, necessitating the activation of additional defense mechanisms and subsequent seedling growth [5].
within the seed. These internal mechanisms include the production of

Reactive Oxygen Species (ROS), which serve as signaling molecules and H

direct antimicrobial agents, and the accumulation of phytoalexins, which COﬂClUSIOﬂ

are antimicrobial compounds specifically produced in response to pathogen ) )

invasion. In addition, seeds can deploy Programmed Cell Death (PCD) in In conclusion, the immune response of seeds to a seed-borne pathogen
surrounding cells to limit pathogen spread, effectively starving the pathogen  involving a necrotrophic fungal interaction exemplifies the intricate balance
of host tissue to infect [2]. between defense and survival. Seeds possess a range of defenses, from

physical barriers and oxidative bursts to hormonal signaling and epigenetic
modifications. However, necrotrophic fungi have evolved sophisticated
strategies to circumvent these defenses, exploiting the very mechanisms
that seeds use to protect themselves. The interaction between seeds and
necrotrophic pathogens is a dynamic and continuous battle, with both sides
adapting to gain the upper hand. While seeds are equipped with robust
defenses, the necrotrophic lifestyle of these fungi presents a unique challenge,
necessitating a balance between mounting a strong immune response and
conserving resources for germination and growth.

Description

A significant part of the seed’s defense strategy involves hormonal
signaling pathways, particularly those mediated by Salicylic Acid (SA),
Jasmonic Acid (JA), and ethylene. These hormones regulate the expression
of defense-related genes and modulate the balance between growth and
defense, ensuring that resources are allocated appropriately under pathogen
attack. SA is generally associated with systemic acquired resistance, a long-
lasting defense response, while JA and ethylene are crucial in defense against Understanding this interaction at a deeper level could have practical
necrotrophic pathogens. In the case of a necrotrophic fungal attack, JA and applications in agriculture, where seed-borne diseases caused by
ethylene signaling pathways are particularly active, promoting the synthesis of  necrotrophic pathogens are a significant concern. By enhancing the natural
proteins that reinforce cell walls and inhibit fungal enzymes [3]. immune defenses of seeds through selective breeding or biotechnological
interventions, it may be possible to develop crop varieties that are more
resilient to these pathogens, ultimately improving crop yield and food security.
The study of seed immunity, therefore, holds promise not only for advancing
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