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Abstract 
Plants have evolved a complex array of defence mechanisms to protect themselves from various biotic 

stresses, particularly pathogens. The biochemical pathways that underpin these defence systems play 

crucial roles in maintaining plant health and productivity. Plant defence mechanisms are categorized 

into pre-existing (constitutive) and inducible responses, with inducible defences often activated upon 

pathogen detection. These mechanisms include the production of secondary metabolites, signaling 

molecules such as jasmonic acid and salicylic acid, and the activation of specific plant immune 

receptors. One of the key elements in plant defence is the role of pattern recognition receptors (PRRs) 

that detect pathogen-associated molecular patterns (PAMPs), triggering a cascade of immune 

responses. The biosynthesis of defence-related compounds such as phytoalexins, pathogenesis-related 

proteins, and reactive oxygen species (ROS) is a central part of the plant’s immune strategy. 
Additionally, recent advancements in molecular techniques have provided deeper insights into the 

genetic regulation of plant immune responses. This paper explores the biochemical mechanisms of 

plant defence systems, emphasizing the role of secondary metabolites, signaling molecules, and 

molecular patterns in pathogen recognition and response. We aim to highlight the interaction between 

plant metabolic pathways and the immune response, offering potential insights for improving plant 

resistance through biotechnological approaches. Understanding these biochemical processes is critical 

for developing crops with enhanced resistance to pathogens, thereby ensuring food security and 

agricultural sustainability in the face of growing environmental challenges. 
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Introduction 
Plants are continuously exposed to various pathogens such as bacteria, fungi, viruses, and 

nematodes, which pose significant threats to agricultural production worldwide. To survive 

these challenges, plants have developed intricate biochemical defence mechanisms. These 

defence systems can be broadly categorized into constitutive and inducible responses. 

Constitutive defences are always present in the plant, while inducible defences are activated 

in response to pathogen attack [1]. The biochemical pathways involved in plant defence are 

highly complex and involve the synthesis of secondary metabolites, the production of 

defence proteins, and the activation of immune signaling networks [2]. 

A central component of plant immune systems is the recognition of pathogen-associated 

molecular patterns (PAMPs) by pattern recognition receptors (PRRs) on the plant’s surface. 
This recognition triggers a series of signaling cascades, including the activation of mitogen-

activated protein kinase (MAPK) pathways and the production of reactive oxygen species 

(ROS) [3]. These responses serve to limit pathogen growth and initiate the expression of 

defence-related genes. Another important aspect of plant defence is the biosynthesis of 

secondary metabolites, such as phytoalexins, which are produced in response to pathogen 

invasion. These metabolites not only directly inhibit pathogen growth but also play a role in 

reinforcing the plant's immune barriers [4]. 

The objective of this paper is to review the biochemical mechanisms underlying plant 

defence systems, focusing on the role of secondary metabolites, signaling molecules, and 

molecular patterns in the recognition of pathogens. We hypothesize that understanding these  
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biochemical pathways can lead to the development of 

genetically engineered plants with improved resistance to 

pathogens, offering a sustainable solution for crop 

protection [5]. 

By exploring the molecular and biochemical facets of plant 

defence, this paper aims to contribute to the growing body 

of knowledge necessary for enhancing agricultural 

productivity and resilience against biotic stressors. 

 

Materials and Methods 

Materials 
The research examined the biochemical response of 

Arabidopsis thaliana and Solanum lycopersicum to pathogen 

attack. Plants were grown in controlled greenhouse 

conditions and exposed to Pseudomonas syringae (bacterial) 

and Botrytis cinerea (fungal). Chemical elicitors such as 

methyl jasmonate (MeJA) and salicylic acid were used to 

trigger systemic acquired resistance. High-performance 

liquid chromatography (HPLC) and gas chromatography-

mass spectrometry (GC-MS) were used to quantify 

secondary metabolites. Gene expression was analyzed via 

quantitative PCR (qPCR), and ROS production was 

measured using fluorometric assays with DCFDA. 

 

Methods 
To examine the plant’s biochemical responses to pathogen 
attack, various defence-related metabolites were quantified 

using high-performance liquid chromatography (HPLC) and 

gas chromatography-mass spectrometry (GC-MS). Gene 

expression analysis of defence-related genes was conducted 

using quantitative PCR (qPCR) with primers specific to 

PR1, PR2, and LOX genes [4]. The levels of reactive oxygen 

species (ROS) were measured by fluorometric assays using 

DCFDA (2',7'-dichlorodihydrofluorescein diacetate) [5]. 

Enzyme activity assays were performed to assess the 

activity of key enzymes involved in plant defence, including 

phenylalanine ammonia-lyase (PAL) and peroxidases [6]. 

Statistical analysis was performed using one-way ANOVA, 

followed by Tukey’s post-hoc test to compare treatment 

means for significant differences [7]. Data from three 

biological replicates per treatment group were analyzed, and 

the results were expressed as means ± standard deviation. 

 

Results 

The analysis of secondary metabolite levels revealed a 

significant increase in the concentration of phytoalexins in 

S. lycopersicum plants after pathogen exposure. A 2-fold 

increase in phytoalexin production was observed in plants 

treated with methyl jasmonate compared to untreated 

controls (p < 0.05). Similarly, salicylic acid treatment 

resulted in a significant increase in the expression of 

pathogenesis-related (PR) genes, with a 1.5-fold increase in 

PR1 expression, indicating the activation of systemic 

acquired resistance pathways [2]. Enzyme activity assays 

also revealed that pathogen infection led to a significant 

increase in PAL and peroxidase activities, with higher levels 

observed in methyl jasmonate-treated plants. The ROS assay 

demonstrated that both P. syringae and B. cinerea infection 

induced ROS production, but higher levels were observed in 

plants treated with salicylic acid, indicating enhanced 

oxidative stress tolerance [5]. 

Statistical analysis of gene expression data indicated that 

salicylic acid treatment significantly upregulated PR2 and 

LOX genes compared to the control group (p < 0.05). 

Furthermore, ANOVA results showed that treatment with 

chemical elicitors, especially salicylic acid, significantly 

enhanced the overall plant defence response, reflected by 

increased levels of secondary metabolites and defensive 

proteins. 

 
Table 1: Phytoalexin levels in S. lycopersicum after pathogen 

treatment 
 

Treatment Phytoalexin Concentration (µg/g) 

Control 35.4 ± 2.1 

MeJA 50 µM 72.1 ± 3.4** 

Salicylic Acid 100 µM 58.6 ± 3.0* 

P. syringae 45.2 ± 2.8 

B. cinerea 48.9 ± 2.5 

*Significant difference compared to control at p < 0.05. 

 

 
 

Fig 1: Phytoalexin Levels in S. lycopersicum After Pathogen Treatment 

 
Analysis revealed a significant increase in phytoalexin 

production in Solanum lycopersicum after exposure to 

pathogens. Treatment with methyl jasmonate (50 µM) 

induced a twofold increase in phytoalexin production 
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compared to untreated controls (p < 0.05). Salicylic acid 

(100 µM) increased expression of pathogenesis-related (PR) 

genes, notably PR1, by 1.5 times. Enzyme activity assays 

showed elevated phenylalanine ammonia-lyase (PAL) and 

peroxidase activities in treated plants. ROS assays revealed 

enhanced oxidative stress tolerance in salicylic acid-treated 

plants, with significantly higher ROS levels after pathogen 

infection. 

 

 
 

Fig 2: ROS Levels in S. lycopersicum After Pathogen Treatment 

 

 
 

Fig 3: Gene Expression Analysis of PR1 in S. lycopersicum 

 
The biochemical pathways governing plant defence are 

central to immune responses. The production of secondary 

metabolites like phytoalexins, activated by jasmonic and 

salicylic acids, plays a key role in pathogen resistance. Our 

findings corroborate existing literature, showing that PR 

genes and ROS production are integral to the immune 

system. The effectiveness of chemical elicitors in enhancing 

plant immunity highlights their potential for agricultural 

applications. However, caution is required to avoid negative 

effects on plant growth, as extended exposure to elicitors 

may induce stress. 

 
Discussion 

This research illustrates the intricate biochemical processes 

plants utilize to defend themselves against pathogens. The 

results support the hypothesis that secondary metabolites, 

signaling molecules like jasmonic acid and salicylic acid, 

and the activation of pathogen recognition mechanisms are 

central to plant immune responses. Our findings align with 

previous studies indicating that the production of 

phytoalexins and other secondary metabolites is a key 

defence strategy employed by plants to limit pathogen 

growth [8]. Furthermore, the increased expression of PR 

genes in response to salicylic acid suggests that plants 

activate both local and systemic defence mechanisms 

through jasmonic acid- and salicylic acid-mediated 

pathways [9]. The observed increase in ROS production also 

points to the critical role of oxidative stress in pathogen 

resistance, which has been well-documented in other plant 

species [10]. 
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The results further highlight the potential of chemical 

elicitors, such as salicylic acid and methyl jasmonate, as 

tools to enhance plant immunity. This is particularly 

relevant for agricultural practices aimed at improving crop 

resistance without resorting to chemical pesticides. 

However, it is important to consider that the use of chemical 

elicitors must be carefully regulated, as prolonged exposure 

may lead to plant stress and reduced growth, as suggested 

by previous studies on plant growth regulators [11]. 

These findings also underscore the complexity of plant-

pathogen interactions and the need for a more integrated 

approach to crop protection that combines biotechnological 

strategies with traditional breeding methods. Future research 

should focus on identifying specific signaling pathways and 

metabolic pathways that could be targeted to enhance plant 

resistance more efficiently. 

 
Conclusion 

This research provides significant insights into the 

biochemical mechanisms of plant defence against 

pathogens, emphasizing the roles of secondary metabolites, 

signaling molecules, and pathogen recognition patterns. The 

findings clearly demonstrate that methyl jasmonate and 

salicylic acid act as potent elicitors of plant defence, 

enhancing the production of phytoalexins and the activation 

of defence-related genes. These results suggest that plants 

possess a highly sophisticated and multifaceted defence 

system that can be harnessed to improve agricultural 

practices. Based on these insights, we propose practical 

recommendations for enhancing plant resistance through 

targeted application of chemical elicitors and genetic 

modifications aimed at boosting the production of key 

defence metabolites. This could lead to more sustainable 

agricultural practices, reducing the reliance on chemical 

pesticides and promoting long-term crop health. 

Furthermore, understanding the balance between plant 

defence and growth will be essential to maximizing the 

effectiveness of such interventions. Future research should 

focus on the molecular mechanisms regulating these defence 

pathways, exploring novel plant breeding strategies and 

biotechnology applications to further enhance plant 

resilience against a wide array of pathogens. 
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