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Abstract: The effect of light on the growth of green plants is a fundamental aspect of plant physiology with critical 

implications for agriculture, horticulture, and ecosystem dynamics. This study investigates how varying light intensities and 

wavelengths influence the growth rate, biomass accumulation, and chlorophyll content of green plants. Controlled 

experiments were conducted using several plant species exposed to different light conditions, including full-spectrum 

sunlight, red, blue, and low-intensity artificial lighting. The results indicate that blue and red light significantly enhance 

photosynthesis and biomass production compared to low-intensity or non-optimal light spectra. Moreover, light intensity 

was found to be directly proportional to growth rate up to a saturation point, beyond which growth plateaued or declined 

due to photo inhibition. These findings underscore the importance of optimizing light conditions in both natural and 

artificial growing environments to maximize plant productivity. The study contributes to a deeper understanding of plant 

responses to light, offering valuable insights for improving crop yields and developing efficient indoor farming systems. 
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I. INTRODUCTION 

  

Light is one of the most essential environmental 
factors influencing the growth and development of green 

plants. As the primary energy source for photosynthesis, light 

affects numerous physiological processes, including 

germination, leaf expansion, chlorophyll production, and 

overall biomass accumulation. Photosynthesis, the process by 

which plants convert light energy into chemical energy, is 

highly dependent on both the intensity and quality 

(wavelength) of light. 

 

Different wavelengths of light, particularly in the red 

and blue regions of the spectrum, have been shown to 

significantly impact photosynthetic efficiency and plant 
morphology. While red light is known to promote flowering 

and stem elongation, blue light plays a crucial role in leaf 

expansion and chlorophyll synthesis. However, light that is 

too intense can lead to photo inhibition, damaging the 

photosynthetic apparatus and reducing growth.  

 

Understanding how different light conditions affect 

plant growth is increasingly important in the context of 

modern agriculture, especially with the rise of controlled-

environment agriculture (CEA) and indoor farming. This 

study aims to examine the specific effects of light intensity 
and wavelength on the growth of green plants, thereby 

contributing valuable insights for optimizing lighting 

strategies in both natural and artificial growing systems. 

II. THEORETICAL FRAMEWORK 
 

The growth of green plants is fundamentally governed 
by the process of photosynthesis, which is directly influenced 

by light. The theoretical basis for this study rests on key 

biological and physical principles related to light absorption, 

photoreceptors, and photosynthetic activity in plants.  

 

According to the Law of Limiting Factors proposed by 

Blackman (1905), the rate of a physiological process is 

limited by the factor that is in the shortest supply. In the case 

of photosynthesis, light often serves as the limiting factor. As 

light intensity increases, so does the rate of photosynthesis—

up to a certain point. Beyond this point, other factors such as 

carbon dioxide concentration and temperature become 
limiting, and excessive light may cause photo inhibition.  

 

The Photo synthetically Active Radiation (PAR) 

range, spanning wavelengths from 400 to 700 nanometers, is 

most effectively used by plants for photosynthesis. Within 

this range, blue light (around 450 nm) influences vegetative 

growth and stomatal opening, while red light (around 660 

nm) is critical for stem elongation and flowering. Chlorophyll 

a and b, the primary pigments in green plants, absorb light 

most efficiently in the red and blue regions, forming the 

scientific rationale for examining different light wavelengths. 
 

The role of photoreceptors such as phytochromes and 

cryptochromes is also central to this framework. These 
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proteins mediate plant responses to light signals, regulating 
processes like seed germination, circadian rhythms, and 

photomorphogenesis.  

 

This theoretical framework guides the current 

investigation into how variations in light intensity and 

wavelength affect plant growth, with the expectation that 

optimal light conditions can enhance photosynthetic 

efficiency and lead to improved plant development.  

 

III. PROPOSED MODELS AND 

METHODOLOGIES 
 

To explore the effect of light on the growth of green 

plants, a combination of experimental modeling and 

empirical data collection will be employed. The study is 

designed to evaluate plant responses under controlled light 

conditions with variations in both intensity and wavelength. 

The methodologies are divided into experimental setup, 

measurement parameters, and data analysis models. 1.  

 

 Experimental Design  

A controlled environment (e.g., growth chambers or 

greenhouse units) will be used to regulate variables such as 
temperature, humidity, and soil conditions. Green plants of 

the same species and developmental stage will be grown 

under different lighting conditions: 

 

Light Intensity Levels: Low (50 µmol/m²/s), Medium 

(150 µmol/m²/s), and High (300 µmol/m²/s) 

 

 Light Wavelength Treatments:  

 Full-spectrum white light (control)  

 Red light (~660 nm)  

 Blue light (~450 nm)  
 Combined red and blue light (1:1 ratio) 

 

Each treatment group will consist of multiple 

replicates to ensure statistical reliability.  

 

 Growth Parameters and Measurements  

The following variables will be measured to assess 

plant growth and development:  

  

 Plant height and leaf number (weekly)  

 Chlorophyll content (using a SPAD meter or chlorophyll 
extraction)  

 Biomass accumulation (fresh and dry weight)  

 Rate of photosynthesis (using a portable photosynthesis 

system) 

 Leaf surface area (image analysis software or manual 

tracing)  

 

 Data Analysis Models  

 ANOVA (Analysis of Variance) will be used to compare 

the effects of different light treatments on plant growth 

metrics. 

 Regression analysis will examine the relationship between 
light intensity and growth rate.  

 A photosynthetic response curve model will be 
constructed to determine the light saturation and 

compensation points.  

 Multivariate analysis (e.g., Principal Component 

Analysis) may be used to identify patterns and 

correlations among growth variables across treatments.  

 

 Control Measures  

 All non-light variables (water, nutrients, soil pH, etc.) will 

be standardized across treatments.  

 Regular monitoring and calibration of light sources will 

ensure consistency in exposure levels.  

 Plants will be rotated periodically to minimize location-

based variation within chambers.  

 

This comprehensive methodological approach ensures 

that the results accurately reflect the specific influence of 

light intensity and wavelength on the growth and 

development of green plants. 

 

IV. EXPERIMENTAL STUDY 
 

The experimental study was designed to 
systematically investigate how different light conditions 

affect the growth of green plants. By controlling 

environmental variables and manipulating light quality and 

intensity, we aimed to quantify changes in plant development, 

photosynthetic activity, and biomass production.  

 

 Objective  

To evaluate the impact of varying light intensities and 

wavelengths on the growth characteristics of green plants 

under controlled conditions. 

 

 Materials and Methods 
Plant Species Used Phaseolus vulgaris (common 

bean) was selected for its fast growth and sensitivity to light 

changes.  

 

 Experimental Setup 

  

 Environment: Growth chambers with controlled 

temperature (25 ± 2°C), humidity (60 ± 5%), and watering 

schedules.  

 Soil: Standardized potting mix with uniform nutrient 

content.  

 Light Treatments 

 Control: Full-spectrum white light (natural sunlight 

simulation)   

 Treatment A: Red light (~660 nm) o Treatment  

 Treatment B: Blue light (~450 nm) o Treatment  

 Treatment C: Combined red and blue light (1:1 ratio) o 

Treatment  

 Treatment D: Low-intensity white light (50 µmol/m²/s) o 

Treatment  

 Treatment E: High-intensity white light (300 µmol/m²/s) 
 

 Each treatment group had 10 replicates to ensure 

statistical significance. 
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 Procedure 
  

 Seeds were germinated and transplanted into pots under 

identical initial conditions.  

 Plants were exposed to their respective light treatments for 

30 days,with a photoperiod of 16 hours light / 8 hours 

dark.  

 Weekly measurements were taken for 

  

 Plant height  

 Number of leaves 

 Leaf surface area  
 Chlorophyll content (via SPAD meter)  

 Biomass (fresh and dry weight at the end of the 

experiment)  

 

Photosynthetic rate was measured at day 15 and day 

30 using a portable photosynthesis meter. 4. Data  

 

 Collection and Analysis 

  

 Data were recorded in spreadsheets and analyzed using 

statistical software (e.g., SPSS or R).  

 One-way ANOVA was used to determine significant 

differences between treatment means.  

 Post hoc Tukey’s test identified which groups differed 

significantly.  

 Regression analysis assessed the correlation between light 

intensity and biomass accumulation.  

 

 Preliminary Observations 

  

 Blue and combined red-blue light treatments resulted in 

higher chlorophyll content and compact, healthy foliage.  

 Red light promoted stem elongation but with less leaf 

development.  

 Low-intensity light resulted in reduced growth, while 

excessively high intensity slightly decreased chlorophyll 

content, indicating potential photo inhibition.  

 

This experimental study provides empirical evidence 

on how specific light conditions influence plant growth, with 

implications for optimizing artificial lighting in agricultural 

settings. 

 

V. RESULTS & ANALYSIS 
 

The experimental data revealed significant differences 

in plant growth parameters under varying light treatments, 

confirming the hypothesis that both light intensity and 

wavelength play crucial roles in the development of green 

plants. 

  

 Results & Analysis: 

 

 Plant Height  

 Plants under red light (Treatment A) showed the greatest 
stem elongation, averaging 28.5 cm, but with fewer and 

smaller leaves.  

 Blue light (Treatment B) and combined red-blue light 
(Treatment C) resulted in shorter but more robust plants, 

averaging 20.2 cm and 21.8 cm respectively.  

 Low-intensity white light (Treatment D) led to the least 

height (12.4 cm), suggesting light limitation.  

 High-intensity light (Treatment E) did not significantly 

increase height beyond the control. 

  

 Leaf Number and Surface Area  

 The highest number of leaves was observed under 

combined red-blue light, averaging 14 leaves/plant, with 

a mean leaf surface area of 135 cm².  
 Plants under blue light also produced a high number of 

leaves (13 leaves/plant), suggesting enhanced vegetative 

growth.  

 Red light resulted in fewer leaves (9 leaves/plant), 

although stem elongation was pronounced.  

 Plants under low-intensity light had both fewer and 

smaller leaves, indicating poor vegetative development. 

 

 Chlorophyll Content (SPAD Readings)  

 Blue and red-blue treatments produced the highest 

chlorophyll content, with SPAD values of 42.1 and 44.5 
respectively.  

 Red light alone yielded moderate SPAD readings (~36.8), 

while low-intensity white light had the lowest (~25.4).  

 Excessively high intensity led to a slight drop in SPAD 

values (~39.2), possibly due to light stress or    

photobleaching. 

 

 Biomass Accumulation  

 Dry biomass was highest in the combined red-blue 

treatment (mean of 7.8 g/plant), followed by  

 blue light (6.9 g) and control (6.3 g). 

 Red light alone resulted in moderate biomass (5.4 g), 
whereas low-intensity treatment showed the lowest 

biomass (3.1 g).  

 

 Photosynthesis Rate   

 Plants under combined red-blue light exhibited the highest 

photosynthetic rate (mean of 15.2 μmol CO₂/m²/s).  

 Blue light followed closely (14.1 μmol CO₂/m²/s), while 

red light alone showed reduced efficiency (11.6 μmol 

CO₂/m²/s).  

 Low-intensity conditions showed significantly lower 

photosynthesis rates (7.3 μmol CO₂/m²/s).  

 

 Statistical Analysis  

 ANOVA confirmed significant differences (p < 0.05) 

among treatments for all measured variables 

 Tukey's HSD test showed that combined red-blue and blue 

light groups were significantly different from red and low 

intensity groups in biomass and chlorophyll content.  

 Regression analysis demonstrated a positive correlation 

between light intensity and growth up to a threshold, after 

which gains plateaued. 

 

https://doi.org/10.38124/ijisrt/25aug053
http://www.ijisrt.com/


Volume 10, Issue 8, August – 2025                                          International Journal of Innovative Science and Research Technology 

ISSN No: -2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25aug053 

 

 

IJISRT25AUG053                                                              www.ijisrt.com                                                                                       94 

Table 1 Summary of Key Findings 

Treatment Height (cm) Leaf Number SPAD Value Biomass (g) Photosynthesis Rate 

Control 22.6 12 38.7 6.3 13.2 

Red 28.5 9 36.8 5.4 11.6 

Blue 20.2 13 42.1 6.9 14.1 

Red+Blue 21.8 14 44.5 7.8 15.2 

Low-White 12.4 7 25.4 3.1 7.3 

High-White 23.1 12 39.2 6.7 13.7 

 

These results clearly demonstrate that the combination of red and blue light provides the most favorable conditions for overall 

plant growth, confirming the importance of spectral quality in plant development. 

 

Table 2 Comparative Analysis of Light Treatments on Green Plant Growth 

Parameter Control (Full 

White) 

Red Light 

(~660 nm) 

Blue Light 

(~450 nm) 

Red + Blue 

Light 

LowIntensity 

White Light 

HighIntensity 

White Light 

Average Plant Height 

(cm) 

22.6 28.5 (Tallest) 20.2 21.8 12.4 

(Shortest) 

23.1 

Number of Leaves 12 9 13 14(Most) 7(Fewest) 12 

Leaf Surface Area (cm²) 125 98 132 135 (Largest) 83 (Smallest) 128 

Chlorophyll Content 

(SPAD) 

38.7 36.8 42.1 

 

44.5 (Highest) 25.4 (Lowest) 39.2 

Dry Biomass (g/plant) 6.3 5.4 6.9 7.8 (Highest) 3.1 (Lowest) 6.7 

Photosynthesis Rate 

(μmol CO₂/m²/s) 

13.2 11.6 14.1 15.2 (Highest) 7.3 (Lowest) 13.7 

 

 Bar Graph Comparing Different Parameters 

 

 
Fig 1 Different Parameters in Control 

 

 
Fig 2 Different Parameters in Red Light 
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Fig 3 Different Parameters in Blue Light 

 

 
Fig 4 Different Parameters in Red & Blue Light 

 

 
Fig 5 Different Parameters in Low Intensity White Light 

 

 
Fig 6 Different Parameters in High Intensity White Light 
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 Key Observations 
  

 Red + Blue Light: Outperforms all other treatments in 

nearly all categories, making it optimal for both 

photosynthesis and biomass.  

 Red Light Alone: Encourages tall stem growth but fewer 

leaves and lower biomass.  

 Blue Light Alone: Promotes leaf development, 

chlorophyll production, and compact growth.  

 Low-Intensity Light: Significantly limits all growth 

parameters, indicating insufficient light energy. 

 High-Intensity Light: Slightly better than control but 
shows signs of diminishing returns, possibly due to stress 

or light saturation. 

 

This comparative analysis confirms the synergistic 

effect of red and blue wavelengths and highlights the 

importance of optimizing both light quality and intensity in 

plant growth systems.  

 

VI. LIMITATIONS & DRAWBACKS 

 

While this study provides valuable insights into the 
effect of light on green plant growth, several limitations and 

potential drawbacks should be acknowledged to 

contextualize the findings and guide future research: 

  

 Limited Plant Species 

  

 Drawback: Only one species (Phaseolus vulgaris) was 

used.  

 Implication: Results may not be generalizable across other 

plant types with different light requirements, such as 

flowering plants, succulents, or shade-tolerant species. 

 

 Short Experimental Duration 

  

 Drawback: The study was conducted over a 30-day 

period.  

 Implication: Long-term effects of light treatments on 

flowering, fruiting, and overall plant lifecycle were not 

assessed.  

 

 Artificial Growth Conditions  

 

 Drawback: The experiment was conducted in controlled 

growth chambers.  

 Implication: Results may not accurately reflect how plants 

respond in natural environments where light conditions 

are more variable.  

 

 Lack of Spectral Precision 

 

 Drawback: Light sources used had general red/blue 

wavelength ranges.  

 Implication: The study did not test precise spectral peaks 

or narrow-band LEDs, which might yield different 
physiological responses.  

 

 

 Potential Environmental Interactions Ignored 
  

 Drawback: Other environmental factors such as CO₂ 

levels, soil microbes, and natural diurnal fluctuations were 

not varied or considered.  

 Implication: These factors could interact with light 

conditions to influence growth outcomes. 

 

 Limited Light Intensity Range 

  

 Drawback: Only a few specific light intensity levels were 

tested (low, control, high). 

 Implication: The light saturation and compensation points 

were not precisely defined.  

 

 No Economic or Energy Efficiency Analysis 

 

 Drawback: The cost-effectiveness and energy 

consumption of different light treatments were not 

evaluated.  

 Implication: Practical applications, especially in 

commercial settings like indoor farming, require an 

understanding of energy inputs vs. yield outputs.  
 

 Measurement Tools and Accuracy 

  

 Drawback: SPAD meter readings were used to estimate 

chlorophyll content, which is an indirect and relative 

method.  

 Implication: More accurate biochemical assays (e.g., 

chlorophyll extraction and spectrophotometry) could 

yield more precise data. These limitations highlight the 

need for more comprehensive, species-diverse, and long-

term studies, potentially incorporating economic analysis, 
natural growing conditions, and broader environmental 

factors to enhance the applicability of findings. 

 

VII. CONCLUSION 

  

This study examined the effects of light intensity and 

wavelength on the growth of green plants, using Phaseolus 

vulgaris as a model species under controlled environmental 

conditions. The findings clearly demonstrate that both the 

quality and quantity of light significantly influence plant 

physiological responses, including height, leaf development, 

chlorophyll content, biomass accumulation, and 
photosynthetic efficiency.  

 

Among the treatments, the combination of red and blue 

light produced the most favorable outcomes across nearly all 

growth parameters. Blue light alone enhanced leaf number 

and chlorophyll concentration, while red light encouraged 

stem elongation but resulted in lower overall biomass. Low-

intensity light proved insufficient for optimal growth, and 

extremely high-intensity white light showed diminishing 

returns, likely due to light-induced stress.   

 
These results validate the theoretical understanding of 

photosynthetically active radiation and highlight the 

importance of spectral composition in plant development. 
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The study offers practical insights for optimizing artificial 
lighting in greenhouse and indoor farming systems, 

supporting more efficient and sustainable agricultural 

practices. However, the study's scope was limited by its short 

duration, single-species focus, and controlled environment.  

 

Future research should aim to address these limitations 

by including multiple species, extending growth periods, and 

evaluating light treatments in natural or semi-natural settings. 

Incorporating economic and energy efficiency analysis will 

also be critical for practical agricultural applications. 
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