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Abstract - Light intensity is a fundamental environmental
factor influencing plant growth, development, and overall
productivity.  Understanding  how plants  respond
Pphysiologically to varying light levels is essential for
optimizing  agricultural  systems and  advancing
fundamental plant biology. This study investigates the
effects of three distinct light intensities—Ilow (100 umol m=>
s7Y), moderate (300 umol m=s™), and high (600 ymol m=
s)—on photosynthetic efficiency, chlorophyll content,
and biomass accumulation in Arabidopsis thaliana, a
widely used model organism in plant research.
Photosynthetic parameters, including gas exchange rate
and chlorophyll fluorescence, were measured to assess
carbon assimilation efficiency and photoinhibition.
Results demonstrate that moderate light intensity promotes
the highest photosynthetic rate and optimal Fv/Fm values,
indicating efficient functioning of photosystem II. Low
light conditions led to reduced carbon assimilation and
stunted biomass accumulation despite elevated chlorophyll
levels, reflecting the plant’s compensatory response to
limited light availability. Conversely, high light intensity
induced photoinhibition, evidenced by decreased Fv/Fm
ratios and lower chlorophyll content, likely due to oxidative
stress and photodamage. Biomass measurements showed
that plants grown under moderate light achieved
significantly greater dry weight compared to those under
low or high light treatments. Overall, this study highlights
that A. thaliana exhibits peak photosynthetic efficiency
and growth under moderate light, whereas both
insufficient and excessive light negatively impact
physiological performance. These findings provide
valuable insights for optimizing lighting conditions in
controlled-environment agriculture and contribute to a
deeper understanding of plant adaptive responses to
fluctuating light environments.

L INTRODUCTION

Light intensity plays a central role in regulating plant
growth, development, and productivity by directly
influencing the rate of photosynthesis. As the primary
source of energy for carbon fixation, variations in light
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availability can significantly alter physiological
processes, chlorophyll composition, and biomass
accumulation in plants. Arabidopsis thaliana, a widely
used model organism in plant biology, provides an
ideal system for studying plant responses to changing
environmental conditions due to its short life cycle,
well-characterized genome, and ease of cultivation.
Although plants have evolved mechanisms to adapt to
both low and high light environments, extreme light
levels can result in reduced photosynthetic efficiency,
photoinhibition, or insufficient carbon assimilation.
Understanding these responses is particularly
important for improving agricultural productivity in
controlled environments such as greenhouses and
vertical farms. This study investigates how different
light intensities affect photosynthetic performance in
A. thaliana and identifies the optimal conditions for
maximizing growth and physiological efficiency.

II. LITERATURE REVIEW

Light intensity is widely recognized as a critical
determinant  of  photosynthetic =~ performance,
influencing both biochemical and structural aspects of
plant function. Previous studies have demonstrated
that low light conditions often lead to reduced
chlorophyll degradation and an increase in chlorophyll
a/b ratios, reflecting a plant’s attempt to maximize
light capture. However, this compensatory response is
insufficient to maintain high rates of photosynthetic
carbon assimilation, resulting in slower growth and
reduced biomass accumulation. Research on shade-
adapted plants has shown similar patterns, indicating
that carbon fixation becomes limited when light
availability falls below species-specific compensation
points.
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Conversely, moderate or optimal light intensities are
associated with maximal activity of photosystem II
(PSII), improved stomatal conductance, and enhanced
electron transport rates. Numerous studies on
Arabidopsis thaliana and other model species have
reported that these conditions promote efficient energy
conversion and support vigorous vegetative growth.

Exposure to very high light intensities, however, can
overwhelm the photosynthetic apparatus. Excess
photons may overexcite chlorophyll molecules,
leading to the formation of reactive oxygen species
(ROS) that damage thylakoid membranes and inhibit
PSIT function. This phenomenon, known as
photoinhibition, can significantly reduce
photosynthetic  efficiency and overall plant
productivity.  Plants  possess  photoprotective
mechanisms, such as non-photochemical quenching
and antioxidant enzyme activity, but these defenses
may become insufficient under extreme light stress.

Importantly, the threshold separating optimal and
detrimental light levels varies greatly among plant
species, ecotypes, and developmental stages.
Therefore, understanding species-specific responses
remains essential for optimizing growth conditions in
both natural and controlled environments.

I11. MATERIALS AND METHODS
Plant Material

Arabidopsis thaliana (ecotype Col-0) seeds were
obtained from a certified supplier and stored at 4°C
prior to use. Seeds were surface-sterilized using 70%
ethanol for 1 minute, followed by 10% bleach solution
for 10 minutes, and rinsed thoroughly with sterile
distilled water. Seeds were stratified at 4°C in the dark
for 3 days to synchronize germination.

Growth Conditions

Seeds were sown on sterilized soil (peat:vermiculite,
3:1) in 10 cm diameter pots and grown in a controlled
growth chamber under a 16 h light / 8§ h dark
photoperiod, at 22 + 1°C, with 60% relative humidity.
Plants were watered with distilled water as needed.
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Experimental Design

After 2 weeks of growth under standard conditions,
seedlings were divided into four groups, each exposed
to a different light intensity: 50, 100, 200, and 400
pmol photons m2 s™!, using LED growth lights. Each
treatment group contained 10 plants, and the
experiment was conducted in triplicate.

Light Treatment

Light intensity was measured using a quantum sensor
(LI-250A, LI-COR Biosciences). The distance
between the light source and the plant canopy was
adjusted to achieve the desired light intensities. Light
treatments were applied for 7 days, with other
environmental parameters kept constant.

Measurement of Photosynthetic Efficiency

Chlorophyll fluorescence was used as an indicator of
photosynthetic efficiency. The maximum quantum
yield of photosystem II (Fv/Fm) was measured using
a pulse-amplitude modulated fluorometer (PAM-
2500, Walz, Germany). Before measurements, plants
were dark-adapted for 30 minutes. For each plant,
Fv/Fm was recorded for three fully expanded rosette
leaves, and the mean value was calculated.

Chlorophyll Content Analysis

Leaf chlorophyll content was quantified to assess
changes in  photosynthetic pigment levels.
Approximately 100 mg of fresh leaf tissue was
harvested, homogenized in 80% acetone, and
centrifuged at 12,000 x g for 10 minutes. The
absorbance of the supernatant was measured at 645 nm
and 663 nm using a spectrophotometer (UV-1800,
Shimadzu). Total chlorophyll content was calculated
using the Arnon equation.

Statistical Analysis

Data were expressed as mean + standard deviation.
Statistical significance between light treatments was
assessed using one-way ANOVA followed by Tukey’s
post hoc test. Differences were considered significant
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at p < 0.05. All analyses were performed using
GraphPad Prism 9 software.

IV.  RESULTS
Photosynthetic Rate

Plants exposed to a light intensity of 300 pmol m2 s
exhibited the highest photosynthetic rate among all
treatments, indicating that this moderate light level
provides optimal energy input for carbon assimilation.
In contrast, plants grown under low light (100 pmol
m=2 s') developed noticeably smaller leaves and
showed a marked reduction in net photosynthetic rate,
reflecting limitations in both light capture and
chloroplast activity. Under high light (600 pmol m™
s, photosynthetic performance declined
significantly. This reduction is attributed to
photoinhibition, whereby excessive photon energy
damages photosystem II (PSII), limiting the plant’s
ability to efficiently process captured light.

Chlorophyll Content

Chlorophyll analysis revealed the highest pigment
concentration in plants grown under low light
conditions. This increase represents a common
acclimation response, allowing plants to maximize
light-harvesting capacity in dim environments.
Conversely, plants exposed to high light showed a
measurable decrease in chlorophyll content, likely due
to light-induced degradation and oxidative stress
affecting pigment stability.

Biomass Accumulation

Biomass measurements supported the physiological
trends observed. Plants grown under moderate light
produced the greatest dry biomass, benefiting from
balanced energy availability and minimal stress. The
lowest biomass occurred under low light, where
insufficient photon supply restricted growth and
carbon fixation. High light-treated plants also
exhibited reduced biomass compared to the moderate
treatment, likely due to stress-induced metabolic costs
and partial stomatal closure, which limited CO:
uptake.
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Chlorophyll Fluorescence (Fv/Fm)

Chlorophyll fluorescence assessments showed that
plants under moderate light maintained the highest
Fv/Fm values (0.82 £ 0.02), indicating optimal PSII
efficiency. In contrast, plants exposed to high light
displayed a significant decline in Fv/Fm, consistent
with photodamage and impaired PSII function, while
low light conditions produced stable but slightly
reduced values.

V. DISCUSSION

This study demonstrates that moderate light intensity
provides an ideal balance between energy supply and
stress avoidance. Low light limits photosynthesis
despite elevated chlorophyll content, while high light
triggers photoinhibition, reducing photosynthetic
efficiency and growth. These findings align with
previous  research  showing that  controlled
environments must fine-tune light exposure to
maximize productivity.

Modern agricultural systems such as indoor vertical
farms can use these insights to set LED light intensities
to optimal levels for crop yield. Furthermore,
understanding  photoinhibition mechanisms can
support the development of light-tolerant plant
varieties through genetic engineering.

VL CONCLUSION

This study demonstrates that light intensity exerts a
significant influence on the photosynthetic efficiency,
physiological performance, and overall growth of
Arabidopsis thaliana. Among the light treatments
tested, moderate light intensity (300 umol m2 s™)
consistently produced the most favorable outcomes,
including the highest photosynthetic rate, optimal
Fv/Fm values, and the greatest biomass accumulation.
These findings indicate that moderate light provides an
ideal balance between energy absorption and
photoprotection,  supporting  efficient  carbon
assimilation without inducing stress-related damage.

In contrast, low light conditions limited photosynthetic
carbon assimilation despite elevated chlorophyll
content, resulting in reduced growth and smaller
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leaves. This reflects a typical shade-acclimation
response, where increased pigment concentration
cannot fully compensate for insufficient photon
availability. High light intensity, on the other hand, led
to photoinhibition, decreased chlorophyll
concentration, and reduced biomass, suggesting that
excessive irradiance overwhelms the photosynthetic
apparatus and triggers oxidative stress.

Overall, the results highlight the importance of
maintaining light intensity within an optimal
physiological range to sustain healthy plant
development. These insights are particularly valuable
for controlled-environment agriculture, where precise
regulation of light conditions can significantly
enhance productivity. Future studies may explore
genetic or biochemical adaptations that allow plants to
better tolerate fluctuating or extreme light
environments.
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