


Plant Immunity Inducers- A Pioneering Research Area in Plant Protection

Abstract
Plant immunity inducers have emerged as a promising and innovative approach in plant protection. Unlike traditional chemical fungicides that target pathogens directly, these inducers activate the plant’s innate immune system to enhance resistance against diseases. Traditionally, chemical pesticides have been widely employed to control these pathogens due to their ability to directly kill harmful organisms. Although breeding for disease-resistant crop varieties remains a key approach, utilising immunity inducers offers a more sustainable and eco-friendly method for disease management. Advances in understanding plant immune mechanisms have facilitated the development of such inducers, which involve key immune-related proteins and pathways. This review examines the fundamental concepts of plant immunity inducers, highlights their key active molecules, and explores their practical uses in horticultural practices. It also discusses recent improvements, including their use alongside beneficial microorganisms and fertilisers, as well as the design of synthetic compounds that specifically engage plant immune receptors. Despite challenges related to large-scale production and field effectiveness, ongoing research continues to improve these sustainable plant protection strategies. Overall, plant immunity inducers offer a valuable and eco-friendly alternative for improving crop health and securing global food production.
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Introduction
Plants are exposed to enormous biotic and abiotic stress factors during their life span. Plants contain cell surface-localised pattern recognition receptors (PRRs), which are vital to perceive pathogen- and pest-derived pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) from the host (Meresa et al., 2024). Plant immunity inducers are biological agents that trigger immune responses in plants and can be found across a wide variety of microorganisms, plants, and animals. While plants serve as a crucial source of nutrition for humans, they are also susceptible to attack by various heterotrophic microorganisms that cause numerous diseases, resulting in significant losses in agriculture. Traditionally, chemical pesticides have been widely employed to control these pathogens due to their ability to directly kill harmful organisms. Although breeding for disease-resistant crop varieties remains a key approach, utilizing immunity inducers offers a more sustainable and eco-friendly method for disease management. However, overreliance on chemical pesticides can lead to negative environmental impacts and the development of resistant pathogen strains, which diminishes their effectiveness over time (Burketova et al., 2015). In this context, synthetic plant immunity inducers have gained attention as an alternative solution. Rather than killing pathogens outright, these compounds work by activating or priming the plant’s own defense mechanisms to better combat infections. These bioactive substances promote systemic acquired resistance (SAR) in plants, enhancing their overall immune capacity. A plant's innate immune system operates through a sophisticated two-tiered detection mechanism, employing both plasma membrane-localised and intracellular immune receptors to mount robust defences against potential invaders (Kumar et al., 2025; Jones et al., 2024). Immunity inducers can be classified into two groups based on their origin: synthetic (non-biological) and naturally derived (biological) molecules. Synthetic inducers typically include plant defence activators such as jasmonic acid analogues and 2,6-dichloro-isonicotinic acid (Bektas and Eulgem, 2015). In contrast, biological inducers consist of naturally occurring small molecules generated during interactions between pathogens and host plants. These include a wide range of compounds such as metabolites, oligosaccharides, glycoproteins, peptides, lipids, and other cellular constituents. Once these molecules are recognised by specific receptors on plant cell surfaces, they trigger immune signalling pathways that lead to systemic resistance (Heese et al., 2007). Current research focuses on sources such as seaweed extracts, hypersensitive response proteins, and beneficial fungi like Trichoderma harzianum. Common commercial products consist of harpin proteins, seaweed-based fertilisers available as liquids or powders, and a range of biocontrol agents. The integration of these immunity inducers into crop management practices helps promote healthy growth, decrease pest and disease pressure, and reduce dependence on chemical pesticides. Consequently, they represent a promising approach to lowering pesticide residues in agricultural produce, thereby enhancing both food safety and quality. This area of research is advancing quickly and is becoming widely acknowledged as an essential part of sustainable farming practices.
Principles of Plant Immunity Inducers
Plants possess an innate immune system that enables them to defend against harmful microorganisms such as bacteria, fungi, and viruses. This defence operates through two primary mechanisms. The first, known as pattern-triggered immunity (PTI), involves the recognition of common molecular patterns present on many microbes. The second, effector-triggered immunity (ETI), is a more robust response activated upon detection of specific proteins secreted by pathogens (Jones & Dangl, 2006). Plant immunity inducers, which can be natural or synthetic, work by activating or enhancing these defence pathways. Some of these compounds induce systemic acquired resistance (SAR), a durable, plant-wide protective state reliant on the signalling molecule salicylic acid (Durrant & Dong, 2004). Others stimulate induced systemic resistance (ISR), typically associated with beneficial soil microbes and mediated by hormones like jasmonic acid and ethylene (Pieterse et al., 2014). These immunity inducers may be derived from beneficial microorganisms, plant-based extracts, or environmentally friendly chemicals. Rather than killing pathogens directly, they prime the plant’s immune system to respond more swiftly and strongly to future infections (Conrath et al., 2006). This priming strategy offers an eco-friendlier alternative to conventional pesticides, promoting crop protection in a sustainable manner. Nonetheless, some limitations exist, such as inconsistent performance under field conditions and potential trade-offs with plant growth. Researchers are actively addressing these challenges by optimising formulations, delivery techniques, and integrating advances like gene editing technologies (Mauch-Mani et al., 2017). In summary, plant immunity inducers hold significant potential to support healthier crop production while reducing reliance on chemical controls.
Immune-activating proteins in plants
	The development of proteins that stimulate plant immunity is progressing rapidly. To streamline the identification of new immune-activating proteins from microbial sources, the protein-gene-protein strategy has been introduced. This method involves a coordinated sequence of steps, including protein extraction and purification, gene cloning and expression, followed by thorough structural and functional analyses. It provides an efficient framework for discovering novel proteins capable of triggering plant immune responses (Wang et al., 2011). Recently, a diverse array of plant immunity-inducing proteins has been found in various organisms such as bacteria, fungi, oomycetes, viruses, and plants. Notable examples identified by researchers, including Felix et al. (1999), Dong et al. (1999), Oome et al. (2014), Fuchs et al. (1989), Ricci et al. (1989), Ma et al. (2015a), Yang et al. (2021), and Xu et al. (2021), include flagellin, harpin, Nep1-like proteins, xylanase, elicitin, cellulose, RNase, and aldose 1-epimerase. Through this approach, ten proteins and their corresponding gene cloning techniques have been patented. Compared to conventional methods such as genetic library screening for identifying plant immunity inducers, the protein-gene-protein strategy is more streamlined and avoids repetitive screening, gene splicing, and verification steps. This allows for the rapid and effective generation of complete, functional proteins with biological activity. Consequently, this innovative approach has significantly accelerated the identification and development of protein-based inducers of plant immunity, leading to the successful isolation of numerous immunity-inducing proteins from a variety of pathogens.
Table 1. Plant immunity inducers that are officially certified through pesticide registration
	S.no
	Species
	Function

	1
	Messenger
	Fungicide

	2
	Benzothiadiazole
	Fungicide

	3
	Key Plex humic acid
	Plant growth

	4
	Probenazole
	Fungicide

	5
	Serenade Bacillus subtilis
	Fungicide

	6
	Laminarin
	Fungicide

	7
	Oxycom
	Fungicide

	8
	Chitosan
	Plant growth regulator,
Preservative, fungicide

	9
	Actigard
	Fungicide

	10
	NCI
	Fungicide

	11
	Pyraclostrobin
	Plant growth regulator, fungicide

	12
	Plant Activator Protein
	Plant growth regulator

	13
	trans-Abscisic Acid
	Plant growth regulator

	14
	ATaiLing
	Anti-viral agent

	15
	Oligosaccharins
	Inducer, Fungicide

	16
	Methiadinil
	Plant activator; antiviral agent

	17
	Lentinan
	Plant growth regulator, 
Antiviral agent

	18
	Validamycin
	Fungicide

	19
	Matrine
	Fungicide


Plant immunity-inducing proteins
Harpins
Functions of Harpins
Harpins are among the earliest discovered cell-free proteins capable of eliciting a hypersensitive response (HR) in plants. These proteins are secreted by Gram-negative phytopathogenic bacteria and are key players in plant-pathogen interactions. Their role in inducing HR—a defence mechanism involving localised cell death at infection sites—helps to contain and limit the spread of invading pathogens (Choi, M.S., 2013).
Mechanisms of Action in Plant Systems
Research has identified several plant membrane-associated proteins that interact with harpins, providing insight into their mode of action. For instance, the HrpN-interacting protein from apple (Malus), known as HIPM, and its homolog in Arabidopsis thaliana (AtHIPM), have been found to bind with the harpin protein HrpN. This interaction influences the plant's susceptibility to Erwinia amylovora, the causative agent of fire blight. Notably, reducing the expression of HIPM in apple plants results in lower vulnerability to this pathogen, indicating that HIPM functions as a susceptibility factor in the plant's immune response (C.S.; Beer, 2007).
Role in Enhancing Stress Resistance and Plant Growth
The application of harpin proteins has been shown to strengthen plant defences against both biotic and abiotic stressors, offering promising implications for agriculture. Products such as Messenger (containing Harpin Ea), Axiom (developed by Rx Green Technologies), and HpaXpm have demonstrated effectiveness in reducing disease severity caused by various pathogens, including Phytophthora infestans, Botrytis cinerea, Pythium aphanidermatum, and Tobacco mosaic virus (TMV) in crops like tomato, tobacco, and hemp. These findings highlight harpins' potential in promoting crop resilience and productivity under stress conditions.
Elicitin
Mechanisms of Action in Plant Immunity
Elicitins are a group of small proteins secreted by oomycetes such as Phytophthora species, known for their ability to trigger hypersensitive responses (HR) and activate immune signalling in certain plants. When detected by plant pattern recognition receptors (PRRs), elicitins initiate a series of defence mechanisms. These include the rapid generation of reactive oxygen species (ROS), increased ion leakage from cells, activation of mitogen-activated protein kinase (MAPK) pathways, and the expression of pathogenesis-related (PR) genes. In addition, elicitin recognition alters levels of key signalling molecules such as salicylic acid (SA) and jasmonic acid (JA), which play vital roles in plant immune regulation. These immune responses have been observed in various plant species, including tobacco, tomato, potato, pigeon pea, citrus, grapevine, pepper, oak, and certain members of the Brassicaceae family (Yang et al., 2021).
The immune perception of elicitins involves specific receptor proteins on the plant cell surface. One such protein, the Elicitin Response (ELR) receptor, is a receptor-like protein (RLP) that lacks an internal kinase domain. For signal transduction, ELR forms a complex with the leucine-rich repeat receptor-like kinase (LRR-RLK) known as Suppressor of BIR1-1 (SOBIR1). This ELR–SOBIR1 complex is essential for recognising the INF1 elicitor from Phytophthora infestans. Upon recognition, the co-receptor BRI1-Associated Kinase 1 (BAK1), also known as Somatic Embryogenesis Receptor Kinase 3 (SERK3), is recruited to form a tripartite complex. This receptor assembly activates downstream defence signalling, resulting in cellular responses such as membrane depolarisation, ion flux, early ROS production, MAPK cascade activation, induction of defence-related genes, and enhanced synthesis of antimicrobial compounds and hormones. These processes often lead to localised cell death, which serves to limit pathogen spread and strengthen plant resistance.
Siderophores 
Plants have evolved intricate immune systems capable of recognising and responding to microbial threats. These defence mechanisms are primarily mediated by receptor proteins that detect both external microbial signals and internal indicators of cellular damage.
Microbe-Associated Molecular Patterns (MAMPs) are conserved molecular features common to many microorganisms. These are recognised by specialised receptor proteins situated on the plant cell membrane, known as pattern recognition receptors (PRRs). For example, in Arabidopsis thaliana, the receptor kinase FLS2 identifies bacterial flagellin, while EFR recognises elongation factor Tu (EF-Tu), both triggering immune responses.
Damage-Associated Molecular Patterns (DAMPs) are endogenous signals released from plant tissues upon injury or pathogen attack. These signals include cell wall fragments such as oligogalacturonides (OGs), extracellular ATP (eATP), and signalling peptides like systemin. Similar to MAMPs, DAMPs are recognised by PRRs and activate defensive pathways to contain or repel invading pathogens.
In addition to these pattern-based defences, plants also possess resistance (R) proteins that identify specific pathogen-secreted effector molecules. This interaction initiates effector-triggered immunity (ETI), a powerful immune response often characterised by localised cell death at the site of infection to restrict pathogen spread (Nürnberger et al., 2004; Jones & Dangl, 2006).
Among beneficial microbes, certain bacterial species such as Pseudomonas fluorescens produce compounds known as siderophores—iron-chelating molecules that allow them to outcompete harmful microbes by limiting available iron in the environment. Beyond this competitive advantage, these bacteria can also enhance plant immunity. For instance, P. fluorescens has been shown to stimulate immune responses in Eucalyptus urophylla, increasing the plant’s resistance to bacterial wilt caused by Ralstonia solanacearum (Ran et al., 2005).
Carbohydrates
Chitin
Chitin is a linear polysaccharide made up of N-acetylglucosamine units connected by β-(1→4) linkages. It is considered the second most prevalent natural biopolymer globally, following cellulose in abundance. Chitin is mainly present in the outer shells of arthropods like insects and crustaceans, and it also forms a significant part of the cell walls in fungi.
Chitin exists in multiple structural forms, namely α-, β-, and γ-chitin. Among these, α-chitin is the most stable structurally, owing to its densely packed antiparallel chains. This configuration enhances its mechanical strength and makes it more resistant to enzymatic breakdown. Due to this well-organised structure, chitin serves a critical function in providing support and protection, much like cellulose does in plants. This makes it indispensable for organisms that depend on it for maintaining the integrity of their exoskeletons and cell walls (Pillai et al., 2009).
Chitin-Derived Molecules and Symbiotic Signalling
Beyond its structural function, chitin and its derivatives have important signalling roles in plant biology. These molecules can act as elicitors of plant immune responses while also participating in the establishment of beneficial symbiotic relationships. This dual functionality is mediated through specific receptor proteins containing lysin motif (LysM) domains, which are responsible for recognising chitin-derived signals (Genre & Russo, 2016).
In rice, the receptor-like kinase OsCERK1 containing LysM domains is crucial for detecting chitin. Plants with a non-functional OsCERK1 gene are unable to activate typical defence mechanisms in response to chitin oligosaccharides, such as the induction of defence-related genes and production of reactive oxygen species. Additionally, these mutants fail to establish arbuscular mycorrhizal (AM) symbiosis, highlighting OsCERK1’s role in both immune signalling and mutualistic interactions with fungi (Desaki et al., 2017).
Laminarin
Laminarin is a low-molecular-weight β-glucan primarily found in the cell walls of brown algae. Its structure mainly comprises β-(1→3)-linked glucose units with occasional β-(1→6) branches, which provide flexibility and help the algae withstand environmental stresses such as water movement. Besides its structural role, laminarin possesses notable biological activity (Kadam, 2015).
Agricultural Applications
Laminarin has been recognised as an effective bio-stimulant that enhances plant defence responses against a range of pathogens. For example, in grapevine cells, treatment with laminarin activates mitogen-activated protein kinases (MAPKs), increases calcium ion flux, and boosts the expression of defence-related genes like chitinase and β-1,3-glucanase. It also promotes the production of phytoalexins, which strengthen resistance to fungal diseases caused by Botrytis cinerea and Plasmopara viticola (Renard-Merlier, 2007). Similarly, in tea plants (Camellia sinensis), laminarin stimulates early defence mechanisms by activating MAPKs and WRKY transcription factors, increasing levels of salicylic acid (SA) and abscisic acid (ABA), and inducing reactive oxygen species production. These responses contribute to improved resistance against pests such as the tea green leafhopper (Empoasca onukii) (Xin et al., 2019).
Lipids and Lipopeptides
Treatment with lipopolysaccharides (LPS) has been demonstrated to boost plant resistance against certain pathogens in species such as tobacco and grapevine. In tobacco, exposure to LPS triggers the production of pathogenesis-related (PR) proteins, which enhance the plant’s defence against Phytophthora nicotianae. Likewise, in grapevine, LPS priming induces systemic resistance against Xylella fastidiosa, as shown by lower bacterial populations and a reduction in tylose formation within the xylem during infection (Rapicavoli & Blanco-Ulate). Both suspension-cultured cells and leaf discs treated with LPS at 100 mg/mL showed comparable increases in PR protein levels, though the effect was more pronounced in leaf tissues.

Applying LPS derived from Xylella fastidiosa to grapevine leaves significantly lessened the severity of Pierce’s disease symptoms within 24 hours after infection compared to untreated controls. This suggests that LPS acts as an immune primer, enhancing the grapevine’s defence mechanisms. The treatment also stimulated the generation of reactive oxygen species (ROS) and upregulated the expression of genes encoding key enzymes involved in plant defence.
The enzyme DXS plays a vital role in photosynthesis by facilitating the production of chlorophylls and carotenoids, which are crucial for capturing light and converting energy. Furthermore, DXS contributes to plant growth regulation by supporting the synthesis of hormones that govern development and stress responses. It is also important in secondary metabolism, assisting in the formation of various isoprenoids that function in protection and signalling within the plant.
Application of Plant Immunity Inducers
In recent years, the use of plant immunity inducers has gained significant attention as eco-friendly biological control agents. These substances enhance the innate disease resistance of plants, reducing their vulnerability to pathogens and pests, which in turn lowers the reliance on chemical pesticides. This approach contributes to mitigating environmental pollution and improving food safety (Zhang et al., 2011b). Technological advancements have facilitated the cost-effective production of these agents on a large scale. Beyond disease prevention, plant immunity inducers also promote overall plant vigour and increase resilience against insect damage (Harman et al., 2004).
Plant immunity inducers are known to activate systemic acquired resistance (SAR), a plant-wide defence mechanism (Zhang et al., 2011b). Several chemicals capable of triggering SAR include benzothiadiazole, tiadinil, 2,6-dichloroisonicotinic acid, N-methyl-2-chloroethyl nicotinamide, allyl isothiocyanate (probenazole), methyl jasmonate, and isotianil, a bacterial isothiazole amine (Bai et al., 2011; Gozzo, 2003; Yoshioka et al., 2001). Compared to traditional bactericides that kill pathogens directly, bio-inducers offer the advantage of stimulating plant growth and strengthening the plant's immune system, thereby providing broad-spectrum protection against diseases and environmental stresses.
Harpin, a protein derived from the bacterium Erwinia amylovora, has a unique capacity to activate plant defences (Wei et al., 1992). It has been formulated into a biopesticide known as Messenger, which has become widely accepted worldwide after years of successful application. Messenger effectively induces plant immunity, offering protection against a variety of plant diseases and contributing to sustainable crop management.
Commercial Application of Plant Immunity Enhancer Proteins
Research has shown that the fungus Alternaria alternata can enhance plant resistance to diseases. One protein isolated from this fungus, known as PeaT1, has been found to significantly improve resistance against viral infections. Field experiments demonstrated that treatment with PeaT1 reduced viral disease incidence by 70–80% compared to untreated plants and boosted grain yields by at least 10% (Zhang et al., 2011). Using a comprehensive evaluation system—measuring reactive oxygen species production, defence gene expression, resistance to Tobacco Mosaic Virus (TMV), and chlorophyll content—PeaT1 was shown to both strengthen disease resistance and promote plant growth (Zhang et al., 2010, 2011).
Following these promising results, PeaT1 was mass-produced through a novel extraction technique involving a colloid mill. This advancement led to the development of ATaiLing, a product primarily composed of PeaT1. The first manufacturing facility employing a three-stage fermentation process was established in Henan Province, capable of producing 800 tons annually. The protein’s activity remained stable for over two years, allowing extensive field testing that confirmed its low toxicity and strong antiviral properties. Environmental assessments affirmed that ATaiLing poses no toxicity risks to humans, animals, or the ecosystem, and it is safe for food production. The success of this protein-based plant vaccine has spurred growing interest worldwide. Notably, by 2015, ATaiLing became the top-selling crop protection product in China, with its use expanding to more than 10 million acres within just two years of market introduction.
Current Strategies for Utilising Plant Immunity Inducers
While discovering plant immunity inducers from plants or microbes is a critical first step, large-scale application remains challenging. An alternative method involves genetically engineering plants to express elicitor genes internally. For instance, elevating the production of harpin proteins through gene overexpression has enhanced pathogen resistance in transgenic crops such as soybean, rice, tobacco, and sugar beet (Du et al., 2018; Li et al., 2012; Pavli et al., 2011).
Industrial-scale production of harpin protein has been achieved using genetically modified Escherichia coli strains (Bauer et al., 1997; Wei et al., 1992). Microorganisms capable of secreting proteins directly into fermentation media offer major advantages in downstream processing. Among these, Bacillus species—particularly Bacillus subtilis—are favoured for their efficient protein production, absence of harmful byproducts, and well-characterised fermentation processes, making them ideal candidates for commercial protein manufacture (van Dijl and Hecker, 2013).
Synthetic Plant Defence Activators
Synthetic compounds designed to stimulate plant immunity differ structurally from naturally occurring elicitors, yet they can initiate similar defence responses. These agents work by either replicating key features of natural defence signals or by specifically interacting with parts of the plant’s internal immune signalling systems. Unlike conventional pesticides, these synthetic inducers typically do not possess direct pathogen-killing properties when tested in laboratory settings. This section explores some of the most established synthetic immunity activators, while recent advancements in the field are discussed in a subsequent section on emerging technologies.
Salicylic Acid Analogues
Salicylic acid (SA) is a crucial hormone involved in the activation of systemic acquired resistance (SAR), a form of long-term immunity in plants. One of the earliest discoveries in this area showed that SA not only induced SAR but also promoted the production of pathogenesis-related (PR) proteins, increasing resistance to viruses like tobacco mosaic virus (TMV) in crops such as tomato (White, 1979). In addition, artificial compounds based on salicylic acid, such as aspirin, have been shown to produce comparable immune-boosting effects in plants. Additional studies have shown that halogenated derivatives—such as 4-chlorosalicylic acid, 5-chlorosalicylic acid, and 3,5-dichlorosalicylic acid—also stimulate PR protein production and improve plant resistance to TMV infection (Conrath et al., 1995).
Isonicotinic Acid Analogues
Isonicotinic acid (INA) acts as an effective SAR inducer through a pathway that does not rely on SA accumulation. Its effectiveness has been demonstrated in genetically modified plants that express the NahG gene, which encodes salicylic acid hydrolase and significantly reduces endogenous SA levels (Delaney et al., 1994; Vernooij, 1995). A particularly potent synthetic compound in this category is N-cyanomethyl-2-chloroisonicotinic acid (NCI), which was identified during a screening of chlorinated isonicotinamide derivatives for their ability to suppress rice blast disease (Yoshida et al., 1990). NCI has shown strong potential as a chemical activator of plant immunity, providing protection without relying on direct antimicrobial activity.
Jasmonic Acid Analog
Jasmonic acid (JA), along with its derivative methyl jasmonate (MeJA), plays a vital role in plant defence, particularly against necrotrophic pathogens and herbivorous insects. Certainly, here is a more scientific rephrasing: Salicylic acid (SA) plays a central role in orchestrating defence responses specifically against biotrophic pathogens, which rely on living host tissue for survival (Santino et al., 2013). JA signalling is activated when its bioactive form, jasmonoyl-isoleucine (JA-Ile), facilitates the degradation of JAZ (Jasmonate ZIM-domain) transcriptional repressors via the COI1 receptor (Coronatine Insensitive 1). This degradation removes the suppression on JA-responsive genes, thereby triggering JA-mediated immune responses in plants (Yan et al., 2013, 2018; Browse, 2009; Pieterse et al., 2012; Monte et al., 2014).
Emerging Prospects for Plant Immunity Inducers
The search for novel plant immunity inducers is increasingly gaining momentum, focusing on the development of bio-based products and sustainable agricultural inputs. Partnerships between researchers and industry are crucial to transform these discoveries into practical, environmentally safe solutions for crop protection. This area is now considered a promising frontier in agricultural science, with significant growth potential. Organisations like the International Plant Protection Study Group have contributed substantially by enhancing foundational knowledge and strengthening global research capacity in plant immunity (Qiu et al., 2017). These advances support sustainable farming practices and contribute to ecological preservation, food security, and environmental health. Compared to traditional chemical pesticides, immunity inducers offer multiple benefits. They function at very low concentrations, are non-toxic to both humans and animals, and generally pose little risk to the environment. These compounds can activate strong, broad-spectrum, and long-lasting immune responses in plants. Moreover, they have a reduced likelihood of leading to resistance in target organisms, making them a valuable tool in reducing chemical pesticide use and promoting ecological sustainability. Recent policy directions, especially those emphasising environmental protection and sustainable agriculture, have further spurred interest in immunity inducers. Governments are actively encouraging a transition toward more efficient, safe, and environmentally responsible farming practices by promoting alternatives to chemical pesticides and fertilisers. To further advance this field, a comprehensive and standardised approach is necessary. This includes systematic screening and functional analysis of potential inducers from diverse biological and chemical sources. Understanding the molecular basis of plant recognition systems, such as receptor-ligand interactions and signal transduction pathways, is essential to decipher how these compounds elicit immune responses. Identifying the active molecular components responsible for inducing resistance will also be key.
Additionally, innovations in production technology are needed to enable cost-effective, large-scale synthesis of these compounds. Integrating immunity inducers with compatible agricultural inputs, such as microbial biocontrol agents or nutrient supplements, could amplify their effectiveness through synergistic action. Designing synthetic inducers based on the structural biology of plant receptors may lead to the development of next-generation compounds with enhanced efficacy and specificity.
Conclusion 
Plant immunity inducers are an exciting and important area of research that offers new ways to protect crops by boosting their natural defences instead of relying heavily on chemical pesticides. These inducers work by activating or preparing plants’ immune systems to fight off a wide range of diseases. Important proteins inside plants play a key role in this process by recognising these inducers and triggering defence responses. The fact that some immunity-enhancing proteins are already used commercially shows that this approach is practical and can help farmers grow healthier crops with less environmental harm. Recent research focuses on finding better ways to use these inducers together with other tools like beneficial microbes or fertilisers, which can improve plant resistance and crop yields even more. Scientists are also designing new synthetic compounds that work by targeting specific parts of the plant’s immune system, which could lead to even more effective plant protection products. Although challenges remain—such as producing these inducers at a large scale and understanding how they work in different plants—continued research and cooperation between scientists and industry will help overcome these hurdles. Overall, plant immunity inducers offer great promise for making agriculture safer, more sustainable, and more productive, benefiting both the environment and food security around the world.
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