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Abstract
The advancement in technology and smart Agriculture, is a multifaceted tussle involving the use of technology and scientific investment in strategies of improving production for commercial benefit and also to combat food security. Mathematicians are not left behind, but equally involved in theoretical analysis using modeling. Practical laboratory experiments and actual experimental procedures, measurements and continued modification of genetic materials, are expensive, time consuming and delicate endeavors that can be complimented if not supplemented by mathematical modeling and simulation, which is gaining prominence due to shorter simulation time, accuracy and ability to incorporate multiple parameters and variables. In this research study, biochemical reaction in plants as a defensive mechanism, is studied. The objective was to formulate a mathematical model describing defense mechanism biochemical reactions This was achieved by modeling enzyme-substrate transduction pathways, and forming differential equations using Michaelis-Menten Kinetic Reaction scheme. This research found a system of eight linear ordinary differential equations which describes fully the reaction fronts involved in plant defense mechanism induced by Potassium Phosphite elicitor. 
Model equations were formulated using differential equations, and simulation using SIMBIOLOGY showed that the use of Potassium Phosphite elicitor induced a chain of complex reactions of enzymes and substrates to produce defense mechanism compounds; viz pathogenic related proteins, phytoalexins, and defense genes which inhibited pathogenic attack, restrained fungal spread and reduced susceptibility of plant to viral and bacterial diseases. Simulated results showed that tolerance to Bacterial, Fungal and Viral infection was seen to be significantly high in treated plants as compared to untreated plants. Treated tomato plants were less susceptible to insect herbivory and infection, with susceptibility rate of, as compared to untreated plants susceptible at. It was also found that the yield of treated plants increased by, as compared to untreated healthy crops. Reduced susceptibility, less fungal infection, and reduced herbivory collectively indicate improved tolerance of treated plants, and consequent increase in yield. This is a contribution of mathematical modeling to mitigating food security challenge.
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1.0 Introduction
Biochemical reaction is the process in which a substrate combines with an enzyme to produce a complex which disintegrate to a product and the enzyme. These reactions are inevitable in plant system, and forms the basics of living organisms. These biochemical reactions are evidenced in various biological processes which include digestion, gene regulation, plant and animal chemical control (pesticides and herbicides), selection and breeding, drug interaction in disease treatment, immune response, genetic modification for tolerance and increased production, among others.

The use of chemicals in crop production has been a topic of debate for many years. While pesticides and fertilizers can help increase crop yields and protect plants from pests and diseases, there are concerns about the potential negative impact on the environment and human health. It's important to carefully consider the benefits and risks of using chemicals in crop production and explore alternative methods that may be more sustainable in the long run.
[bookmark: _Toc192087164]1.1 Crop production and food security
Crop production and food security are intricately linked, as the ability to consistently grow an adequate food supply is crucial for sustaining populations and mitigating hunger. With the global population projected to reach 9.7 billion by 2050, the demand for food is expected to increase significantly (Falcon, Naylor, & Shankar, 2022). This poses a substantial challenge for agricultural systems to enhance productivity and efficiency while minimizing environmental impact. In this essay, we will explore the complex relationship between crop production and food security, examining the factors influencing both and the potential solutions to ensure sustainable food production for future generations. At the core of food security lies the ability to produce and access sufficient, safe, and nutritious food. Crop production is a fundamental component of food security, encompassing the cultivation of staple crops such as rice, wheat, maize, and other essential food sources. However, numerous factors influence crop production, including climatic conditions, soil quality, water availability, pest and disease pressure, and agricultural practices. These factors can significantly impact the quantity and quality of crop yields, thereby affecting food security at local, national, and global levels. Climate change presents a formidable challenge to crop production and food security. Rising temperatures, altered precipitation patterns, and extreme weather events pose significant risks to agricultural systems, leading to reduced yields and compromised food production. Furthermore, shifting climate patterns may necessitate the adoption of resilient crop varieties and innovative farming techniques to adapt to changing environmental conditions (Šūmane et al., 2018). Sustainable water management practices, such as efficient irrigation systems and water-conserving agricultural methods, are essential for mitigating the impacts of water scarcity on crop production. In addition to environmental challenges, socio-economic factors play a pivotal role in determining food security. Access to land, financial resources, technology, and agricultural knowledge influences farmers' ability to progressively produce food (Pretty, 2008). Smallholder farmers, who constitute a significant portion of the global agricultural workforce, often face barriers to accessing essential resources and markets, impacting their capacity to enhance crop production. Addressing socio-economic disparities and supporting smallholder farmers through effective policies and targeted interventions is crucial for improving food security and fostering inclusive agricultural development. Moreover, the utilization of advanced agricultural technologies and practices can significantly enhance crop production and contribute to food security. Precision agriculture, which involves the use of data-driven techniques to optimize crop management, offers opportunities to increase yields while minimizing resource inputs (Hoek, Malekpour, Raven, Court, & Byrne, 2021). Furthermore, biotechnological advancements, such as genetically modified crops with enhanced resistance to pests and diseases, have the potential to bolster food production and reduce post-harvest losses (Ninama et al., 2024). 
However, it is essential to carefully consider the potential environmental and health impacts of these technologies and ensure their responsible and equitable deployment. Sustainable intensification of agriculture, which aims to maximize yields while minimizing environmental degradation, holds promise for enhancing crop production without compromising the long-term health of agro-ecosystems. Agro-ecological approaches, including organic farming, agro-forestry, and integrated pest management, prioritize ecological balance and biodiversity conservation while promoting resilient and productive farming systems (Vikas & Ranjan, 2024). By harnessing the principles of agro-ecology, farmers can improve soil fertility, reduce reliance on external inputs, and enhance the overall sustainability of crop production. Furthermore, fostering agricultural diversification and promoting the cultivation of nutrient-rich crops can contribute to improved food security and nutrition. Diversified cropping systems not only enhance resilience to environmental stressor but also provide a broader range of food options, addressing dietary diversity and nutritional deficiencies. Additionally, promoting sustainable food systems that minimize food waste, support local food production, and prioritize equitable access to nutritious food is essential for achieving comprehensive food security. In conclusion, the intricate interplay between crop production and food security underscores the need for holistic and sustainable approaches to agriculture. Addressing the multifaceted challenges facing crop production, including climate change, socio-economic disparities, and technological innovation, is paramount for ensuring food security for current and future generations. By prioritizing ecological sustainability, equitable access to resources, and resilient agricultural practices, we can strive towards a future where food security is a reality for all (Vikas & Ranjan, 2024). Sustainable crop production is not only essential for meeting the nutritional needs of a growing population but also for preserving the health of our planet and its ecosystems.
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The use of chemicals in food crop production can have adverse effects on the environment, human health, and the overall sustainability of agricultural systems. Pesticides, herbicides, and synthetic fertilizers, while intended to enhance crop yields and protect plants from pests and diseases, can pose significant risks when misused or overused. One of the primary concerns associated with chemical use in food crop production is environmental pollution. Pesticides and herbicides can leach into soil and water systems, leading to contamination of groundwater and surface water sources. This can have detrimental effects on aquatic ecosystems, including the disruption of aquatic organisms and the overall ecological balance (Thompson & Darwish, 2019). Furthermore, the accumulation of chemical residues in soil can degrade soil quality and reduce its fertility over time, impacting the long-term productivity of agricultural lands. Moreover, the widespread application of pesticides and herbicides can lead to the development of pesticide-resistant pests and weeds, creating a cycle of escalating chemical use. This not only contributes to the loss of biodiversity but also poses challenges for pest management and necessitates the development of more potent chemical formulations (Thompson & Darwish, 2019). Additionally, the unintended impact of pesticides on non-target organisms, such as pollinators and beneficial insects, can disrupt ecological interactions and undermine natural pest control mechanisms (Hashimi, Hashimi, & Ryan, 2020). From a human health perspective, exposure to pesticide residues in food crops can pose risks to consumers, especially when consumed in significant quantities over time. Certain pesticides have been associated with adverse health effects, including potential carcinogenicity, reproductive disorders, and developmental abnormalities (Basley, 2019). Additionally, agricultural workers involved in the application of chemicals may face direct exposure to hazardous substances, leading to acute and chronic health concerns. The use of synthetic fertilizers in food crop production also presents challenges, particularly related to nutrient runoff and water pollution. Excessive application of nitrogen-based fertilizers can result in the leaching of nitrates into water bodies, contributing to eutrophication and harmful algal blooms. This can have detrimental effects on aquatic ecosystems and compromise water quality, impacting both environmental and human health. Furthermore, the reliance on chemical inputs in food crop production can perpetuate a dependency on external inputs and undermine the resilience of agricultural systems. Overreliance on synthetic fertilizers may lead to soil degradation and reduced natural nutrient cycling, necessitating continual inputs to maintain productivity. This can create a cycle of dependency on costly inputs and hinder the adoption of sustainable agricultural practices that prioritize soil health and ecological balance. In light of these challenges, there is a growing recognition of the need to transition towards more sustainable and agro-ecological approaches to food crop production. Integrated pest management, organic farming practices, and agro-forestry offer alternative pathways that minimize reliance on chemical inputs and prioritize ecological sustainability (Zhou et al., 2024). By promoting biodiversity, enhancing natural pest control mechanisms, and improving soil health, these approaches offer potential solutions to reduce the adverse effects of chemical use in food crop production. In conclusion, the adverse effects of using chemicals in food crop production underscore the importance of adopting holistic and sustainable approaches to agriculture. By prioritizing Agro-ecological principles, promoting integrated pest management, and reducing reliance on synthetic inputs, it is possible to mitigate the environmental and health risks associated with chemical use (Zhou et al., 2024). Embracing sustainable farming practices that prioritize ecosystem health and resilience can contribute to the long-term viability of Agricultural systems while safeguarding the well-being of both the environment and human populations.
Food insecurity is caused by overpopulation and unproductive land together with damage of crops by weeds, pests and adverse weather conditions. Similarly use of chemicals leads to accumulation of contaminants in plants which can cause diseases to humans through consumption of contaminated edible parts. Laboratory tests and field experiments which involve planting crops, and observing to maturity, will take a lot of time and affected by seasons. Laboratory experiments, though necessary can be guided by mathematical models on the choice of significant variables and parameters to be tested. It is for this reason that this research study is proposed to give insights into biochemical reactions and pathways in plants. The objective of this study was to formulate a mathematical model which describes the biochemical reaction in plant defense mechanism, using Potassium Phosphite as an elicitor, to induce reactions towards tolerance and improved variety.
Mathematical model formulation and simulation is an important technique of representing real phenomena using mathematical equations. In this case, modeling biochemical reaction in tomato pant leads to significant reduction of time in carrying out experimental practical and reduction of risks of exposure to chemicals involved and toxicity to plant subjects, environment and the scientists involved. 
Through the model analysis, the model formulated provided insights in the understanding of the transduction pathways involved in the biochemical reactions and in tracing of chemical presence in the edible parts of the plant. This gives a measure or threshold limits of probable human contamination by the presence of pesticides used in the control.
2. Literature Review
This chapter reviews literature related to this study and points out what has been done together with the methodologies used and finally shows he gap which is the motivation of this study. This chapter is divided into four part: Literature review on, tomato plants, biochemical reaction in plants, reaction kinetics in plants and mathematical modelling of biochemical reactions.
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The tomato plant, scientifically known as Solanum lycopersicum, is a member of the nightshade family. It is a sprawling vine that typically grows to a height of 3 to 10 feet and is cultivated for its edible fruits. The tomato plant's leaves are pinnate and the flowers are typically yellow in color. The fruit, commonly known as a tomato, varies in size, shape, and color, with numerous cultivars available. Tomatoes are a staple in many cuisines and are valued for their versatility and nutritional benefits.
Tomatoes are a rich source of vitamins and antioxidants, including vitamin C, potassium, folate, and vitamin K (Kumar, Kumar, Gull, & Nayik, 2020). They are also known for their high lycopene content, which is a powerful antioxidant associated with various health benefits. Consuming tomatoes has been linked to a reduced risk of heart disease, certain types of cancer, and inflammation. Additionally, tomatoes are low in calories and can be a great source of hydration due to their high water content. They are a versatile ingredient in cooking and can be incorporated into a wide variety of dishes, making them a valuable addition to a healthy diet (Lal, 2021).
To control weeds around tomato plants, it's important to maintain a clean and weed-free environment (Osman & Osman, 2013). This can be achieved through regular cultivation and mulching around the base of the plants to suppress weed growth. As for pests, common tomato plant pests include aphids, white-flies, horn-worms, and spider mites. One effective method of pest control is to introduce beneficial insects such as ladybugs or lacewings, which can help to naturally control pest populations. Additionally, using insecticidal soaps or neem-oil can be effective in managing certain pest infestations while minimizing harm to beneficial insects.
[bookmark: _Toc192087173]2.2 Biochemical Reaction in Plants
Biochemical reactions in plants play a crucial role in their growth, development, and overall survival. These reactions are essential for processes such as photosynthesis, respiration, and the synthesis of important biomolecules. One of the most important biochemical reactions in plants is photosynthesis. This process involves the conversion of light energy into chemical energy, which is used to synthesize organic compounds such as glucose (Hatch & Boardman, 2014). 
According to (Bowsher, Steer, & Tobin, 2008), apart from photosynthesis and respiration, plants also undergo a wide range of biochemical reactions involved in the synthesis of biomolecules such as proteins, nucleic acids, and lipids. These reactions are essential for the growth and development of plant tissues and organs. Enzymes play a key role in catalyzing biochemical reactions in plants. These biological catalysts facilitate the conversion of substrates into products at a much faster rate than would occur without their presence (Bowsher et al., 2008). 
Enzymes are specific to particular substrates and regulate the biochemical pathways in plants. The regulation of biochemical reactions in plants is tightly controlled to ensure optimal growth and development (Michal & Schomburg, 2012). Environmental factors such as light, temperature, and nutrient availability can influence the rate of biochemical reactions in plants.
Hormones such as auxins, cytokinins, gibberellins, abscisic acid, and ethylene regulate various aspects of plant growth and development by influencing biochemical pathways (Ali & Baloch, 2020). Furthermore, plants have developed intricate defense mechanisms that involve biochemical reactions. When plants are exposed to biotic or abiotic stress, they activate defense responses that involve the synthesis of specialized metabolites such as phytoalexins, flavonoids, and terpenoids (Fahad et al., 2015). These compounds play a crucial role in protecting plants from pathogens, herbivores, and environmental stresses. 
In conclusion, biochemical reactions in plants are fundamental to their biological processes, including photosynthesis, respiration, synthesis of biomolecules, enzyme catalysis, and response to environmental stimuli. Understanding the intricate biochemical pathways and regulatory mechanisms in plants is essential for improving crop productivity, developing sustainable agricultural practices, and advancing biotechnological applications in agriculture and medicine.
[bookmark: _Toc192087175]3. Mathematical Modeling of Biochemical Reactions
Mathematical modeling of biochemical reactions involves using mathematical equations to represent the interactions and dynamics of biological molecules within a cell. These models can describe how molecules such as enzymes, substrates, and products interact and change over time (Alberty, 2006). By using mathematical techniques, such as differential equations, reaction kinetics, and mass action kinetics, researchers can simulate and predict the behavior of biochemical systems under different conditions. This allows for a better understanding of complex biological processes and aids in the development of new drugs and therapies.
The rate of a chemical reaction is often described using mathematical equations that represent reaction kinetics (Alberty, 2006). Some common equations include the rate law, which relates the rate of the reaction to the concentrations of reactants, and the Arrhenius equation, which describes the temperature dependence of reaction rates. Additionally, complex reaction mechanisms can be represented using systems of differential equations, such as the rate equations for enzymatic reactions. These mathematical expressions are essential for understanding and predicting the behavior of chemical reactions under varying conditions (Keener & Sneyd, 2009).
Biochemical reactions are continually taking place in all living organisms and most of them involve proteins called enzymes, which act as remarkably efficient catalysts. Enzymes react selectively on definite compounds called substrates. The complexity of biological and biochemical processes is such that the development of a simplifying model is often essential in trying to understand the phenomenon under consideration. 
One of the most basic enzymatic reactions, first proposed by Michaelis and Menten (Subin & Bhat, 2015), involves a substrate  reacting with an enzyme  to form a complex  which in turn is converted into a product  and the enzyme . We represent this schematically by;
  					(1)
Where reaction rates parameters and the double arrow are means the reaction is reversible.
Using the Law of Mass Action says that the rate of a reaction is proportional to the product of the concentrations of the reactants. We denote the concentrations of the reactants in (2.1) by lowercase letters as;
  				(2)
where [.] traditionally denotes concentration. Then the Law of Mass Action applied to equation (2.1) leads to one equation for each reactant and hence the system of nonlinear reaction equations
 						(3)
  					(4)
 					(5)
 							(6)
Using the initial conditions , the solutions of system (2.3 – 2.6) can be solved both analytically and numerically.
In this research study, a mathematical model similar to the system in (3 – 6) was formulated describing the biochemical reactions in tomato plants, due to the exposure of chemical pest and weed control methods, and monitor the product chemical if it is toxic to human consumption. 
3.1 Model Formulation
Mathematical modelling involves the use of mathematical equations to represent complex physical occurrence. The formulated model is then analysed and simulated using mathematical techniques to extract analytic and numerical results, which matches to the desired physical experimental solutions, in terms of control methods efficacy, stability, parameter thresholds, and effects of manipulating various parameters in the outcome of the experiment (Witelski & Bowen, 2015). 
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Compartmental modelling involves the classification of organisms into distinct groups or clusters depending on the characteristics under study. In this study, modelling of plant biochemical reactions and defence mechanism will be studied under the following compartments; Insect elicitor compartment; Plant and the Enzyme responsible for response; Protein substrate to be acted upon by the enzyme; and the product or the volatile produced by the plant for defence mechanism.
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Herbicides and pesticides can act as elicitor in tomato plants by triggering defense mechanisms that enhance the plant's tolerance to pathogens and insect herbivory. These chemicals can induce the production of defense-related compounds and activate signaling pathways that strengthen the plant's immune response. Potassium Phosphite is a commonly used pesticide that can act as an elicitor by inducing stress responses in tomato plants. When applied, potassium phosphite triggers the production of reactive oxygen species (ROS) and activate defense-related genes through the interaction with NADPH Oxydase enzyme..
On the application of pesticide through spraying, the transduction Pathways of potassium phosphite (PP) begins with the plant recognizing the presence of PP through specific receptors on the cell surface. This will then activates a cascade of signaling pathways, including the production of ROS, activation of mitogen-activated protein kinases (MAPKs), and the synthesis of Phytohormones such as salicylic acid (SA) and Jasmonic acid (JA). The activated signaling pathways then lead to the expression of defense-related genes, production of pathogenesis-related (PR) proteins, and synthesis of secondary metabolites like Phytoalexins and volatile organic compounds (VOCs).
The production of ROS and activation of MAPKs lead to the strengthening of cell walls and the production of antimicrobial compounds. The synthesis of SA and JA further amplifies the defense response by inducing systemic acquired resistance (SAR) and Jasmonate-mediated defense pathways. Use of PP pesticide therefore help improve the resilience of tomato plants to biotic stresses, ultimately leading to healthier crops and higher yields.
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The transduction pathways leading to leveraging defense mechanism in plants can be graphically presented in compartmental flow chart below. The rectangles represent the chemical or molecular components or proteins involved, and the arrows shows the pathways in the chemical reaction, while the constants placed next to the arrows denotes the reaction rates and influence on the chemical concentration of each substance involved.
The use of herbicide elicitor and plant defense mechanism can be represented in four compartments, namely: Externally applied Elicitor pesticide chemical substrate; reacts with enzyme NADPH oxidase ; to produce Plant protein product called Reactive oxygen species ; which Activates defense genes ; Synthesis of Phytoalexins, pathogenesis-related proteins (PR) and other defense compounds . This reaction scheme is illustrated in Figure 1 below.
 (
Other defense Compounds
Elicitor Potassium Phosphite
Recognition by plant Receptors PRR
s
Production of Reactive Oxygen Species
Activation of Signaling pathways
Activation of Defense Genes
Synthesis of PR Proteins
Synthesis of Phytoalexins
Inhibition of Pathogen growth and spread
Enhanced Resistance against Pathogens 
and Herbivory
)
Figure 1 Flow chart representing Biochemical Reaction Kinetics pathways
The active components that are monitored in this research are; elicitor substrate concentration , enzyme oxidase , reactive oxygen species product , the defense genes  and the phytoalexins concentration  which in turn produce direct proteins against pathogens and insect herbivory. 
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The following variables and parameters are used in the formulation of a system of differential equations: The constant rate on application of elicitor chemicals is denoted by . This elicitor is the substrate Potassium Phosphite with chemical formula , which binds with oxidase enzyme NADPH to give ROS products, which forms the phytohormones important in inducing  resistance to plants against pathogens and herbivory (Thakur & Sohal, 2013). The rate of disintegration of this pesticide is experienced through two processes; one by loss to the environment denoted by the parameter , and the other through absorption by the plant is denoted by the parameter . The absorbed concentration of potassium phosphite reacts with oxygen for recognition by plant receptors, which then activates reactive oxygen species (ROS) at a rate of . The ROS are molecules like hydrogen peroxide  which plays a role in signaling defense response, through activation of mitogen-activated protein kinases (MAPKs) at a rate of  as they disintegrate. MAPKs are activated at the same time as phytohormones such as Salicylic acid (SA) and Jasmonic Acid (JA) which plays a role in systemic acquired resistance and resistance to herbivory respectively (Saini, Prakash, Jangde, Kumar, & Maiti, 2024). Degradation of ROS activates production of defense genes  at a rate of  and the genes produced disintegrate at a rate of  as they biosynthesize phytoalexins . The biosynthesized phytoalexins are molecular antimicrobial compounds produced by plants in response to stress, to mitigate the pathogenic infestation and prevent insect herbivory. In tomatoes, phytoalexins produced are for example Tomatine  and Rishitin , which plays a role as an antimicrobial for a wide range of pathogens causing lysis and death, thus protecting the plant from infection and diseases. Tomatine also inhibits pathogen growth and development thus curbing the spread and development of infections. In addition, these phytoalexins trigger the activation of defense mechanism and production of ROS and other PRs (Zehra, Raytekar, Meena, & Swapnil, 2021).

3.1.4 Model Flow chart
From the above description, the following model flow chart is used to illustrate the biochemical reaction pathways towards defense mechanism of plants. This is presented using compartmental models flow chart in Figure 2 below.
 (
NADPH Enzyme activation
Oxygen Molecule 
 Substrate 
Reactive Oxygen 
Sp
 Complex
Catalase Enzyme
Externally applied Elicitor
Enzyme MAPKs
Defense genes, 
PK & Tomatine
Pathogenic Materials
(Fungi, Bacteria, Virus)
)
[bookmark: _Toc192446490]Figure 2 Compartmental Model flow diagram of Plant Biochemical reaction
Where  and  denotes the concentration of the elicitor (Potassium Phosphite), NADPH enzyme, Oxygen molecule substrate, reactive oxygen species (ROS) complex, Catalase enzyme, MAPKs enzyme and Phytoalexin (Phytogenesis-related (PR) proteins, Tomatine and other defense components) respectively. The complete arrow shows production process of reaction, and dotted line shows activation or inhibition process. 

3.1.5 Model Parameters
The following parameters were also used as described in the table below.
Table 1 Parameters involved in defense mechanism Reaction Kinetics
	No
	Symbol
	Description

	1
	
	Activation rate of NADPH enzyme and plant defense reactions by the elicitor

	2
	
	Application rate of Potassium Phosphite elicitor through spraying

	3
	
	Degradation rate of Potassium Phosphite due to environmental factors

	4
	
	Phytoalexins rate of being used up as they eliminate pathogenic materials.

	5
	
	Activation rate of NADPH enzyme by presence of pathogenic materials

	6
	
	Creation rate of oxygen molecules from photosynthesis and other processes

	7
	
	Reproductive rate of pathogens in the tomato plant

	8
	
	Natural death rate of phytoalexins

	9
	
	Death rate of pathogenic materials due to lysis and killing by phytoalexins

	10
	
	Reaction rate of NADPH enzyme and oxygen substrate

	11
	
	Reaction rate of Catalase enzyme with ROS intermediate complex

	12
	
	Reaction rate of MAPKs enzyme with ROS intermediate complex to produce PR proteins and Tomatine  

	13
	
	Constant recruitment rate of enzymes SOD and MAPKs in the plant



From the compartmental flow chart in Figure 2 above, biochemical reaction kinetics can be represented schematically as shown in Figure 3 below.
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Figure 3 Schematic form of Defense mechanism Kinetic Reaction pathways
Differential equations describing the dynamics of various concentrations of cause and effect of defence reaction transduction pathways were formulated using ordinary differential equations, to provide insight into the following concerns; biochemical reaction pathways in plants; sensitivity and significance of parameters and threshold levels for desired output; the fate of toxic chemicals in edible parts of the plant for safety to human consumption. 
This model will give important information on contaminant pathways and distribution patterns of chemicals together with their disintegration and decay. This model, formulated using ordinary differential equations describes the in vivo microbial pharmacodynamics with respect to lethargic efficacy of chemicals used to control herbs and pesticides (Lacey & Goettel, 1995; Upadhyay, 2003) and determination of efficacy thresholds and equilibrium to synergize chemical control. This model determines toxicity limits to users and environment which is not targeted (Pathak & Maiti, 2010), while also addressing interaction of chemicals with the plant host.
[bookmark: _Toc192087183]3.2 Formulation of Ordinary Differential Equations
From the compartmental model, a biochemical reaction kinetic equation is formulated, which relates the reaction of enzyme, substrate, protein and product as indicated in the Figure 1. From the reaction kinetics equation, a system of ordinary differential equation is derived in the form of equation (2.3), which in compact form is expressed in vectors.
From the Law of Mass Action, which states that the rate of a reaction is proportional to the product of the concentrations of the reactants. Denote the concentrations of the reactants in figure 3 by lowercase letters as follows:
 	(7)
where [ ] traditionally denotes concentration. Then the Law of Mass Action applied to flow chart in Figure 3 leads to one equation for each reactant and hence the system of nonlinear reaction equations:
 					(8)
 	               	(9)
 					(10)
 				(11)
						(12)
 						(13)
  						(14)
 			               	(15)
Where  is the clearance size of pathogens for each defence mechanism product  (PR-protein or Tomatine) used up in the process of lysis.
3.3 Description of the Model Equations
The system of equations (8 – 15) describes the dynamics of three aspects: The concentration profile of applied pesticide Dipotassium Sulphite, as an elicitor : The cascade of triggered defence mechanism interaction of enzymes, substrates and products, denoted by the variables  and : and The population dynamics of bacterial, viral and fungal infection of the tomato plant, here denoted by .
Equation (8) describes the concentration of Dipotassium sulphite (elicitor) herbicide with application rate constant of  and a natural degradation rate of  depending on the concentration available and removal due to usage or absorption by the plant at the rate of alpha. The second equation (9) describes the cascade of enzyme NADPH triggered by the elicitor. The activation rate of the enzyme by the elicitor is taken to be a constant rate, and the enzyme is used up in the reaction with free oxygen molecule substrate at a mass action rate of . The third term represents the negative feedback of enzyme NADPH  by the population of the pathogens. The increase in infection triggers corresponding increase in the activity of the enzyme in production of reactive oxygen species (ROS).
The third equation (10) describes the concentration of free oxygen molecule substrate. The constant term  denotes production of oxygen from sources like photosynthesis. This substrate is reduced due to mass action reaction with the enzyme NADPH at a rate of  and is produced from the reaction of Reactive Oxygen Species complex  with Catalase enzyme  at a rate of.
The fourth equation (11) describes the dynamics of ROS complex, a combination of oxygen ions  and Hydrogen peroxide. Oxygen Ions reacts with Super Oxide Dismutase enzyme to produce Hydrogen Peroxide , which then reacts with Catalase enzyme to produce oxygen molecule and water. ROS is created through mass action reaction at a rate of  and is lost through trough two processes, one through reaction with Catalase enzyme  at a rate of  and also with reaction with Mitogen-Activated Protein Kinases (MAPKs) enzyme  at a rate of.
The fifth and the sixth equations (12 - 13) describes the dynamics of Catalase enzyme  and MAPKs enzymes, which naturally get used up during reaction with ROS complex  at a rate of  and  respectively. 
The seventh equation (14) accounts for the production of defence mechanism products Tomatine Phytoalexin, Pathogenetic – Related proteins (PR) and other defence genes. These products are produced at a rate of from the reaction of MAPKs and ROS and get used up at a rate of. 
The use of defense mechanism products in the elimination of pathogens is either by lysis, preventing spread or by resistance mechanisms. 
The last equation is modelling the pathogen particle infestation dynamics. Here the variable  represents the population of pathogens (Bacteria, Virus and Fungi) in Tomato plant. They are assumed to proliferate at a constant rate of  proportional to their population, and naturally die at a rate of . They are also eliminated by the defense products  as they are used up at a rate of  with a clearance rate of  per product.





Conclusion
The formulated mathematical model was numerically analyzed its system performance and the use of potassium phoshite in treatment of the tomato plant simulated using the following parameters as obtained from literature indicated and some estimated.
The results showed that crop production in presence of triggered defence mechanism was 57% better than the control experiment of untreated crops. This is associated with crop tolerance to pathogenic infection, which affects growth and production of fruits.
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	Symbol
	Description
	Value
	Source

	
	Activation rate of NADPH enzyme by the elicitor
	0.124
	(Saini et al., 2024)

	
	Application rate of Dipotassium Phosphite elicitor
	0.75
	Estimated

	
	Degradation rate of Dipotassium Phosphite
	0.275
	(Saini et al., 2024)

	
	Phytoalexins rate of being used up during defense
	0.0256
	(Thakur & Sohal, 2013)

	
	Activation rate of NADPH enzyme by pathogenic
	0.4
	Variable

	
	Creation rate of free oxygen from photosynthesis
	0.133
	(Zehra et al., 2021)

	
	Reproductive rate of pathogens
	0.265
	(Upadhyay, 2003)

	
	Natural death rate of phytoalexins
	0.0145
	(Malvis Romero et al., 2024)

	
	Elimination rate of pathogenic materials
	0.545
	(Zehra et al., 2021)

	
	Reaction rate of NADPH and oxygen substrate
	0.142
	(Subin & Bhat, 2015)

	
	Reaction rate of Catalase enzyme with ROS
	0.143
	(Malvis Romero et al., 2024)

	
	Reaction rate of MAPKs enzyme with ROS
	0.145
	(Subin & Bhat, 2015)

	
	Basal production rate of NADPH enzyme
	0.035
	(Subin & Bhat, 2015)

	
	Half saturation feedback constant
	0.64
	Estimated

	
	Recruitment rate of pathogens from environment
	0.12
	(Zehra et al., 2021)

	
	Constant recruitment rate of enzyme SOD & MAPKs
	0.033
	(Subin & Bhat, 2015)

	
	Use up rate of defense products in eliminating pathogens
	0.256
	(Zehra et al., 2021)

	
	Burst size elimination constant
	10
	(Subin & Bhat, 2015)
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