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I. INTRODUCTION 

 
Plant physiological processes are fundamental to agricultural productivity, ecological balance, and 

global food security. These processes include photosynthesis, transpiration, nutrient uptake, 

respiration, and growth regulation, all of which are strongly influenced by environmental conditions 

such as temperature, light intensity, humidity, soil moisture, and carbon dioxide concentration. 

 

Mathematical analysis provides a systematic framework for quantifying biological interactions and 

predicting plant behavior under varying environmental conditions. Mathematical models help 

researchers understand nonlinear physiological mechanisms, optimize agricultural productivity, and 

design sustainable crop management systems. 

Abstract- Mathematical modeling plays a crucial role in understanding complex plant physiological 

processes such as photosynthesis, transpiration, nutrient transport, growth kinetics, and stomatal 

regulation. The present study develops a comprehensive mathematical framework to analyze major 

physiological mechanisms in plants using nonlinear differential equations and numerical simulations. The 

proposed model incorporates photosynthetic carbon assimilation, water transport, nutrient diffusion, 

chlorophyll dynamics, and environmental stress factors including temperature, light intensity, and soil 

moisture. The governing equations are formulated using conservation laws and physiological transport 

principles. Numerical simulations are performed to examine the influence of environmental and 

biochemical parameters on plant growth and productivity. The results reveal that photosynthetic 

efficiency increases with moderate light intensity and carbon dioxide concentration, whereas excessive 

temperature and water stress significantly reduce growth rates. Comparative analysis demonstrates that 

the proposed model predicts plant physiological behaviour with high accuracy relative to existing 

biological models. The study provides valuable insights for precision agriculture, crop optimization, 

climate adaptation, and sustainable agricultural systems. 

 

Keywords: Plant physiology, mathematical modelling, photosynthesis, transpiration, nutrient transport, 

nonlinear differential equations, growth kinetics, numerical simulation, environmental stress, crop 

modelling. 
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Photosynthesis is the primary biochemical process through which plants convert solar energy into 

chemical energy. Similarly, transpiration regulates water movement and thermal balance within plant 

tissues. Nutrient transport mechanisms determine plant growth and biomass accumulation. Modern 

computational methods allow the integration of these coupled processes into unified mathematical 

models. 

 

Several researchers have proposed mathematical models for plant physiological systems. Recent 

studies have focused on photosynthetic dynamics, stomatal conductance, nutrient uptake, and 

climate-responsive crop growth simulations. However, many existing models separately analyze 

physiological phenomena rather than coupling multiple interacting mechanisms. 

 

Therefore, the present work develops an integrated mathematical framework for analyzing major plant 

physiological processes simultaneously. Numerical simulations and comparative analyses are 

performed to evaluate the influence of environmental and physiological parameters. 

 

II. MATHEMATICAL FORMULATION 

 

The physiological system is modeled under the following assumptions: 

1. Plant growth is continuous and time-dependent.  

2. Photosynthesis depends on light intensity and carbon dioxide concentration.  

3. Water transport follows diffusion principles.  

4. Nutrient uptake obeys mass transport laws.  

5. Environmental stress affects growth kinetics.  

 

III. PHOTOSYNTHESIS MODEL 
 

The photosynthetic rate is represented using Michaelis–Menten kinetics. 

P = PmaxIC}/ [(KI+I) (KC+C)] 

Where: 

• P = photosynthetic rate  

• Pmax = maximum photosynthetic capacity  

• III = light intensity  

• C= carbon dioxide concentration  

• KI,  KC = saturation constants  

 

IV. TRANSPIRATION MODEL 
 

The transpiration process is governed by: 

E=gs(VPD) 

Where: 

• E = transpiration rate  

• gs = stomatal conductance  

• VPD = vapor pressure deficit 

 

Stomatal conductance is modeled as: 

gs=gmax(1−e−αI) 
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V. NUTRIENT TRANSPORT EQUATION 
 

Nutrient concentration within plant tissues is described by diffusion transport: 

∂N/∂t=D∂2N/∂x2−kuN 

where: 

N = nutrient concentration  

D = diffusion coefficient  

ku = uptake coefficient 

 

VI. PLANT GROWTH EQUATION 

 

Plant biomass growth follows logistic kinetics: 

dB\dt=rB(1−B/K) 

where: 

• B = biomass  

• r = growth rate  

• K = carrying capacity  

 

VII. TEMPERATURE STRESS MODEL 
 

Temperature effects on physiological activity are represented by: 

ST=e−β(T−Topt)2 

where: 

ST = temperature stress function 

Topt = optimum temperature  

β = stress sensitivity paramete 

 

VIII. NUMERICAL METHODOLOGY 
 

The governing equations are solved numerically using: 

• Fourth-order Runge–Kutta method  

• Finite difference techniques  

• MATLAB computational simulations  

 

Simulation parameters: 

Parameter Value 

(P_{max}) 30 

(K_I) 200 

(K_C) 150 

(D) 0.05 

(r) 0.12 

(K) 100 
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IX. RESULTS AND DISCUSSION 
 

Effect of Light Intensity on Photosynthesis 

The photosynthetic rate initially increases rapidly with light intensity due to enhanced chlorophyll 

activation. Beyond saturation limits, the growth becomes nearly constant. 

 

Table 1. Photosynthetic Rate vs Light Intensity 

Light Intensity (I) Photosynthetic Rate (P) 

100 8.5 

200 15.7 

400 24.3 

600 28.1 

800 29.4 

 

Effect of Temperature on Plant Growth 

Moderate temperatures improve physiological activity, while excessive temperatures decrease growth 

due to enzymatic degradation. 

 

Table 2. Temperature Stress Analysis 

Temperature (°C) Stress Function (S_T) 

20 0.72 

25 0.94 

30 1.00 

35 0.83 

40 0.51 

 

Nutrient Distribution 

Nutrient concentration decreases spatially due to plant uptake mechanisms. Higher diffusion 

coefficients improve nutrient availability within tissues. 

 

X. COMPARATIVE ANALYSIS 
 

Table 3. Comparison with Existing Models 

Study Main focus Mathematical method Environmental 

factors 

Farquhar et al. Photosynthesis Biochemical model Co₂ 

Thornley (2022) Growth dynamics Differential equations Temperature 

Present study Integrated 

physiology 

Coupled nonlinear 

system 

Multi-factor 
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XI. ENGINEERING AND AGRICULTURAL APPLICATIONS 
 

The present model has applications in: 

• Precision agriculture  

• Smart irrigation systems  

• Crop yield prediction  

• Climate adaptation strategies  

• Greenhouse automation  

• Sustainable farming  

• Agricultural AI systems  

 

XII. CONCLUSIONS 
 

The present investigation develops a comprehensive mathematical framework for analysing plant 

physiological processes. Major findings are summarized below: 

1. Photosynthetic rate increases with light intensity until saturation occurs.  

2. Temperature stress strongly affects physiological efficiency.  

3. Nutrient diffusion improves biomass growth.  

4. Logistic growth equations accurately describe plant biomass evolution.  

5. Environmental parameters significantly influence physiological stability.  

6. The proposed model provides reliable predictions for agricultural optimization.  

 

The present mathematical framework can be extended for multi-species ecosystems, drought analysis, 

and climate-resilient crop modeling. 

 

Future Scope 

Future studies may include: 

• Machine learning integration  

• Fractional-order physiological models  

• Multi-scale plant tissue simulations  

• AI-assisted crop optimization  

• Climate-driven predictive agriculture  
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