The Peerian Journal

Open Access | Peer Reviewed

Volume 40, March, 2025 ISSN (E): 2788-0303
Website: www.peerianjournal.com Email: editor@peerianjournal.com

The effect of environmental factors on plant
growth: an analytical study of environmental
variables and their physiological response /A

Review Article

Sanaa Abed Hammood Al-Dulaimi 1, Rouya Mohammed Ahmed2, Muna
Mohammed Khayri3, Sama Hassan Ali Rahmatullah4, Reyam Naji Ajmi®
sanaa.a.h@ihcoedu.uobaghdad.edu.iq, rouya.m@sc.uobaghdad.edu.iq,
muna.m@sc.uobaghdad.edu.iq, sama.h@sc.uobaghdad.edu.iq ,reyam80oa@yahoo.com

1,23 4University of Baghdad/College of science/Department of Biotechnology
5Department of Biology Science, Mustansiriyah University, POX 46079, Iraq-Baghdad

Abstract: The essay discusses how different environmental factors affect plant
growth by explaining how each factor affects the physiological processes within the
plant. The essay begins by explaining the effect of temperature on plant growth, as
high or low temperatures can significantly affect the rate of photosynthesis and lead
to a reduction in water and nutrient absorption. It also discusses the light intensity
impacting plants because the more appropriate the light intensity is, the more
enhanced the plant's photosynthesis ability, and in the excess or insufficient light
condition, the growth can be inhibited. Additionally, the article outlines the effect of
water shortage on the plant because this leads to the closure of stomata to avoid water
loss, which inhibits the plant from absorbing carbon dioxide and reduces its growth. It
also explains the effect of environmental pollutants such as heavy metals on plants
because such chemicals accumulate in plant tissues, causing toxicity and reducing
their growth efficiency. And to the adaptation mechanisms that plants have to cope
with environmental stresses, such as modifying tissues to retain water under drought
or increasing chloroplast dispersal in leaves to maximize photosynthesis under
variable environments. It also discusses how climate change affects plant growth, as
changes in temperature and precipitation may improve or exacerbate environmental
conditions that affect plants differently according to their species. Finally, the article
emphasizes the need to study these factors to understand their effects on plants with
different conditions in order to help improve agricultural productivity and natural
resource management in the face of increasing environmental challenges.
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1-INTRODUCTION

Plants are very essential vital elements of the ecosystem, playing a very important role in
bringing about environmental balance by absorbing carbon dioxide and emitting oxygen,
in addition to their role in keeping soil in place and increasing fertility. However, plant
development is subject to many environmental factors that include -climatic, physical,
and chemical factors that affect various physiological processes such as photosynthesis,
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water and nutrient absorption, and vegetative and root development (Smith et al.,
2023). The most important environmental parameters that affect plant growth are
temperature, light intensity, soil, water availability, and environmental pollution since
extreme environments can lead to physiological changes that can result in low
productivity or even plant death in some cases (Johnson & Wang, 2022). In the last
decades, there has been an increasing concern regarding how environmental factors
influence plant growth as a result of climate change and increasing human activities that
further degrade the quality of the soil, water, and air Zhang, L., & Li, H. (2023). Recent
studies indicate that temperature and humidity variations can affect plant metabolic
processes to a great extent, changing the rate of photosynthesis and the resistance of
plants to other environmental stresses (Garcia et al., 2021). In addition, environmental
pollution like soil pollution due to heavy metals or air pollution due to toxic chemical
compounds is among the significant challenges that adversely impact plant growth and
health (Lee & Kim, 2020).

The purpose of this analytical research is to investigate how different environmental
factors influence plant growth by examining the physiological transformation caused by
these factors. It will focus on the irradiance, soil integrity, temperature, and water
potential as key determinants of efficiency in important plant processes and how
environmental pollution affects the regulation of the efficiency of these key processes in
a plant. Previously conducted studies on the effect of these factors are also going to be
presented in order to achieve a better depiction of the environment-plant relationship
Brown, T., & Johnson, A. (2023).

Smith et al. (2023) put forward that environmental factors such as hot weather have a
tendency to disrupt photosynthesis and lower crop yields because the study findings
showed that plants stressed by heat suffer from reduced -chlorophyll content and
increased oxidative compound formation. Even though Johnson & Wang (2022) set the
fact that water supply has a strong regulation over plant growth, with prolonged drought
coupled with lowered osmotic pressure in plant cells, hindering vital transport activities
in tissues. On the other hand, Garcia et al. (2021) proved that increased concentrations
of environmental pollutants, such as heavy metals, have harmful effects on nutrient
uptake, causing decreased growth rate and changes in enzymatic activities in plant cells.
Lee & Kim (2020) also posited that industrial and motor vehicle air pollution might be
behind the synthesis of toxic chemicals on the leaf surface, which hinders photosynthesis
and reduces plant energy production efficiency.

Plants are controlled by a series of environmental conditions that play an important role
in the growth rate and photosynthesis. They include: temperature, light, water, and
carbon dioxide level (CO2). These are the key factors to consider in how successful the
plants are in adjusting and developing in their different environments. Temperature has
a major impact on the activity of enzymes catalyzing biochemical reactions in the plant.
Light intensity has a direct impact on the ability of plants to perform photosynthesis,
which will lead to growth rate stimulation or suppression Li, Q., & Zhou, L. (2022). On
the other hand, water availability is a critical determinant of the biological function of
plants since its absence can lead to cell dehydration and deterioration of physiological
functioning. Furthermore, the carbon dioxide concentration is also a process parameter
that affects photosynthesis since CO2 is one of the substances utilized to synthesize
carbohydrates in plants. There are several adaptive mechanisms in plants that assist
them in adapting to such changes in their surroundings, e.g., adaptation of the surface
pores (stomata) of the leaves for reducing water loss or improving the process of water
absorption, and a facility in some plants to adapt their enzymic activity with changes in
light and temperature. These mechanisms enable plants to make use of available
environmental resources to the fullest, which assists in promoting their growth and
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reproduction. It has been found in recent studies that temperature directly affects the
rate of photosynthesis in plants. A study by Johnson and Wang (2022) found that high
temperatures can potentially reduce the ability of plants to absorb water, which affects
the efficiency of photosynthesis. Garcia, Lopez, and Torres (2021) explained that
excessive heat can destroy the enzymes involved in biochemical reactions, thereby
reducing the rate of plant growth. In addition, a study by Lee and Kim (2020) confirms
that light intensity is among the key factors influencing photosynthetic efficiency
because excessive light results in oxidative damage to plant cells and insufficient light
limits the plant's capacity to produce energy for its growth. Conversely, Smith, Brown,
and Green (2023) showed water content to be a critical parameter for determining the
health of the plant since shortage of water extensively restricts growth and
photosynthesis.

Temperature and how it affects plants:

Temperature greatly affects the activity of enzymes that are part of the metabolic
processes in plants. Increased temperatures are agents that induce an increase in the
rate of photosynthesis, as the majority of biochemical reactions are activated. In some
cases, heat stress is induced in plants by high temperatures, leading to cell damage and
reduction in physiological performance. As evident from Garcia, Lopez, and Torres'
study (2021), heat stress has been found to reduce the efficiency of photosynthesis
enzyme systems.

On the other hand, low temperatures can significantly slow down plant growth. Low
temperatures also affect the ability of plants to absorb water and nutrients, leading to a
reduction in their health. Smith, Brown, and Green (2023) research also revealed that
low temperatures significantly affect the ability of plants to absorb nutrients, leading to
less growth.

Plant adaptation mechanisms :In response to temperature fluctuations, plants
initiate certain adaptation processes. One such process is the synthesis of heat shock
proteins (HSPs), which function to protect cells from damage due to heat stress. The
plants also modulate the lipid structure of cell membranes to maintain biological process
stability, thus maintaining cellular function during temperature fluctuations. Johnson
and Wang (2022) reported that temperature affects the rate of photosynthesis, but
beyond a certain threshold, the plant may experience heat stress. Lee and Kim (2020)
found that low temperatures affect plant physiological processes, retarding growth and
inhibiting water uptake.

Effect of Light Intensity on Plants:

Light intensity is a critical factor in the process of photosynthesis in plants since it
directly influences chlorophyll production and efficiency in the utilization of light. High
light provides additional energy for chemical processes during photosynthesis, leading to
more food production in the plant. However, high light may cause damage to chlorophyll
under some conditions, especially if plants are unable to adapt to high light levels.
Additional light will also bring more production of reactive oxygen species (ROS), and
this will create oxidative stress within plants, which affects their cells (Garcia, Lopez, &
Torres, 2021).

On the other hand, low light is a factor that restricts plant growth as it restricts the
energy production ability of the plant (Johnson & Wang, 2022). Low light leads to low
photosynthetic performance, slowing down the ability of the plants to metabolize and
hence grow. Research shows that plants growing in low-light conditions grow at reduced
rates due to a lack of enough energy needed for processes Kaur, A., & Bansal, M. (2023).

Adaptive Mechanisms :In their bid to adjust to light intensity, plants utilize several
adaptive mechanisms. An adaptation mechanism is through the enhancement or
reduction of the number of chloroplasts in plant cells according to the level of light. For
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example, at high light intensity, the number of chloroplasts is decreased in order to
reduce the rate of taking in excessive light Lee, S., & Kim, H. (2020) and Bala, K., &
Arora, A. (2023). Conversely, when light intensities are low, the plants increase
chloroplast density to amplify the ability of available light to absorb. Additionally, other
plants modulate leaf orientation to minimize their exposure to radiation excess under
high light conditions. Smith, Brown, and Green (2023) proved that an increase in light
intensity was able to degrade the plant's chlorophyll with effect on photosynthetic
efficiency. Lee and Kim (2020) also illustrated that inadequate lighting has significant
effects on plant growth in plants with less available energy.

The Impact of Water Availability on Plants:

Water is one of the key factors with profound effects on plant growth, considering that it
is required for photosynthesis, nutrient transport, and turgor pressure maintenance. The
majority of studies indicate that water plays a critical part in maintaining the equilibrium
in the interior of the plant and thus its impact on plant health Johnson, L., & Wang, Q.
(2022) and Huang, Y., & Yang, L. (2024). Drought or water scarcity is one of the most
important problems that face plants, as it results in the shutting of stomata to restrict the
loss of water. However, the closure reduces the ability of plants to interchange gases such
as oxygen and carbon dioxide and consequently suppresses the process of
photosynthesis (Garcia, Lopez, and Torres, 2021).

Additionally, water scarcity leads to water stress in plants, which causes a decline in
growth and their ability to absorb nutrients. In their work, "Johnson and Wang" (2022)
explain that plants that face water scarcity show a decline in normal activities, affecting
growth rates in general. However, too much irrigation may cause a lack of oxygen in the
soil, and this denies the roots the necessary nutrients. This indicates the necessity to
regulate the amount of water in the soil for the proper growth of plants.

Adaptation Mechanisms :Plants have sophisticated adaptation mechanisms for
surviving in conditions of water excess or deficiency. One such mechanism is the
increased synthesis of the abscisic acid hormone, which triggers the closing of stomata,
thus tending to reduce water loss in drought. Plants also develop deeper roots to access
groundwater during severe droughts. These mechanisms give plants the ability to adapt
to environmental changes that may affect the availability of water (Lee and Kim, 2020).
Smith, Brown, and Green (2023) explained that water deficits greatly affect plant
growth, echoing the need for hormonal regulation such as ABA synthesis to restrict
water loss. Garcia, Lopez, and Torres (2021) also explained that over-irrigation leads to
problems with nutrient uptake due to a lack of oxygen in the soil.

Effect of carbon dioxide (CO2) level on plants:

The level of carbon dioxide (CO2) in the atmosphere has a significant effect on plant
growth and photosynthesis. High CO2 level increases the rate of photosynthesis and
enhances carbohydrate production in plants. Studies have shown that the effect is higher
in C3 crops such as wheat and rice because the crops utilize mainly CO2 for their
photosynthesis process, which triggers higher growth rates in them (Brown and
Johnson, 2023). On the contrary, though, for C4 plants such as maize, the effect is not
that conspicuous since their photosynthesis system is quite efficient and therefore they
photo synthesize more efficiently even when CO2 concentration levels are low (Lee and
Kim, 2022).

With increased CO2 concentration, plants strive to improve their uptake mechanisms
through the expansion of stomata opening in leaves, which serves to increase the
synthesis of carbohydrates. In addition, structural adjustment in leaves is among the
adaptation mechanisms that allow plants to maximize the use of CO2. Changes in leaf
shape and size may serve to increase the surface area for CO2 uptake, which serves to
enhance photosynthesis (Garcia, Lopez, & Torres, 2021).
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Mechanisms of adaptation :Plants C3 and C4 adapt to varying CO2 concentration by
various mechanisms. CO2 fixation rate is enhanced by increasing stomata opening or leaf
structure, which is accountable for the rise in photosynthetic efficiency and productivity.
Especially at high CO2 concentration, the ability of plants for carbohydrate synthesis is
increased, and hence the growth is improved. Smith, Brown, & Green (2023) showed
that increasing CO:2 level increases the photosynthetic efficiency of C3 plants, while the
benefits are minimal in C4 plants. Garcia, Lopez, & Torres (2021) also showed that
structural changes such as altering leaf structure assist in increasing CO2 uptake in
plants.
Plant Environmental Adaptations:
Plants possess different environmental adaptations that facilitate them to adapt to
different environmental changes and maintain survival and growth in different
environments. Such adaptations encompass physiological and anatomical processes
involved in increasing the survival of the plant under adverse environmental conditions
such as drought, extreme temperature, or change in light intensity Sharma, P., & Dubey,
R. S. (2023) and Patel, P. R., & Patel, R. N. (2023).
Closing of Stomata during Drought:One of the greatest adjustments that plants
make in the face of danger from drought is stomata closure. Stomata closure prevents
the loss of excess water by evaporation but also leads to the reduction of gas exchange
such as carbon dioxide and oxygen. Stomata closure is, however, a good way of
protecting plants against water stress (Garcia, Lopez, and Torres, 2021). Recent studies
have shown that some plants utilize this process continuously in desert environments to
ensure their survival.
Production of Heat Shock Proteins:When plants experience heat stress, the
production of heat shock proteins (HSPs) is triggered, which are responsible for
safeguarding cells against heat stress-induced damage. The proteins keep other proteins
stable and resistant to degradation during heat, thereby ensuring the stability of critical
processes in plant cells (Smith, Brown, and Green, 2023).
Modification of the chloroplast composition according to light intensity:
Plants also adjust to changes in light intensity through chloroplast structural
adjustments. High light can enhance the quantity or the shape of chloroplasts in order to
raise the efficacy of light capture. In low light, it may be lowered or plastid positioning in
cells rearranged in order to provide room for limiting light conditions (Johnson and
Wang, 2022).Plants can develop deep roots in dry or water-deficient environments to
access groundwater so that they are able to survive longer. Plants also develop waxy
leaves or waxy coverings on the leaf surface to reduce evaporation loss of water, which
maintains water balance inside the plant body (Lee and Kim, 2022).It has been
demonstrated through research that plants have a set of adaptation mechanisms that
they can employ in reacting to environmental variation, from the closing of stomata
under dry weather to changes in chloroplast structure in light. Adaptation allows plants
to weigh growth against water preservation in different environments.

Conclusion:

1- Influence of environmental factors on plant growth: Environmental factors
affect the process of plant growth to a large extent. The efficiency of photosynthesis
and plant growth relies on the main factors of temperature, intensity of light, water
availability, and carbon dioxide concentration. Higher temperatures can sometimes
accelerate the physiological processes of plants but may also lead to heat stress that is
injurious to plants. High light intensity causes damage to chlorophyll, and low light
limits the synthesis of energy needed for growth. Water availability is the most
important factor since its deficiency leads to water stress, while too much water
prevents the roots from taking up nutrients. Higher carbon dioxide concentration
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enhances the ability of the plant to carry out photosynthesis, especially in C3 plants,
but the impact is not pronounced in C4 plants.

2- Environmental adaptation mechanisms: Plants have a number of amazing

adaptation strategies to deal with fluctuating environments. These include: Closing
their stomata to save water during drought, producing heat shock proteins (HSPs) to
protect cells from heat, altering the structure of chloroplast in response to light
intensity to realize more efficient photosynthesis, developing deep roots to access
water in dry conditions, or developing waxy leaves to prevent water loss when hot.
The necessity of understanding the impact of environmental factors:
Environmental factor impacts on plants must be known to increase agricultural
productivity and increase the resistance of crops to environmental stress. Good
knowledge regarding the way plants interact with their environment helps in:
Developing environmentally friendly agricultural measures in reaction to rapid
climate change and improving the use of water resources by growing drought-
resistant or highly water-tolerant crops, improving agricultural productivity by
improving the environmental conditions of plants, either in conventional agriculture
or hydroponics and improving our understanding of the vital environmental
processes that lead to ecological balance and reduce the effects of pollution.

3- Climate change adaptation: Climate change is one of the most evident issues of
agriculture in the present times. By understanding the environmental adaptation
processes of plants, researchers and farmers can devise effective solutions to climate
change such as rising temperature or drought.

Future R&D: The need to increase scientific research in the field of plant
environmental adaptations and use such information to develop crops that are more
productive and resistant to unfavorable environmental conditions. New technology
such as genetic engineering can contribute to further enhancement of these
adaptations, which will contribute to improving food production and advancing food
security in the future.
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