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Abstract

Melatonin is a hormone that has recently been identified as playing a key role in
photosynthesis and respiration in plants. Its effects are primarily mediated
through its ability to regulate the light-dependent processes of photosynthesis,
as well as its ability to modulate respiration rates. Specifically, melatonin has
been observed to enhance photosynthetic efficiency, as well as increase the rate of
respiration in plants. Melatonin appears to have a role in regulating the circadian
rhythm of plants, allowing them to respond properly to day and night cycles. In
photosynthesis, melatonin appears to act as an antioxidant, protecting plants from
photodamage and increasing the efficiency of photosynthesis. Its antioxidant
properties also protect plants from oxidative damage induced by environmental
factors, such as high temperatures and ultraviolet radiation. Melatonin has been
observed to increase the chlorophyll content of plants, which further increases
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photosynthetic efficiency. Melatonin also appears to play a role in regulate the
rate of respiration in plants. Studies have found that melatonin increases the rate
of respiration in plants, allowing them to take in more oxygen and release more
carbon dioxide, thereby increasing their overall respiration efficiency. Future
research should focus on further elucidating the role of melatonin in photosyn-
thesis and respiration in plants. Understanding how melatonin impacts these
processes could provide valuable insights into the regulation of photosynthesis
and respiration in plants and how these processes are affected by environmental
factors. Investigating the potential use of melatonin as a plant growth regulator
could potentially lead to the development of new strategies for improving crop
production.
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5.1 Introduction

Melatonin is a hormone produced in plants and animals that is involved in regulating
circadian rhythms and sleep. It is produced by the pineal gland in mammals and
plays a major role in the regulation of the body’s sleep—wake cycles. It is also found
in plants, algae, and fungi, where it is thought to have a role in photoperiodism, the
process by which plants adjust their growth and flowering cycles in response to
changes in day length (Back et al. 2016). In plants, melatonin is synthesized from the
amino acid tryptophan using the enzyme serotonin N-acetyltransferase (SNAT). It is
released during the day and accumulates in the plant’s tissues overnight (Fig. 5.1).
During the day, the plant uses the accumulated melatonin to regulate its internal
processes and growth (Zhao et al. 2019).

Melatonin is a hormone that plays an important role in regulating the circadian
rhythm of plants. It is produced in the chloroplasts of plants and acts as a regulator of
photosynthesis and respiration (Behera et al. 2022; Chourasia et al. 2022; Kumar
et al. 2022a, b). Melatonin has been found to be an important factor in the regulation
of light-mediated responses in plants, such as photosynthesis, stomatal opening and
closing, and photoperiodism (Tan et al. 2012; Arnao and Hernandez-Ruiz 2018).
The study of the role of melatonin in plants is relatively new, but a growing body of
evidence suggests that it plays a significant part in the regulation of photosynthesis
and respiration in plants.

Through photosynthesis, plants are able to generate the energy needed to grow
and reproduce (Messinger and Shevela 2012). During photosynthesis, chlorophyll
molecules absorb light energy and use it to produce sugar molecules. The sugar
molecules then provide energy to the plant cells (Lal et al. 2022a, b; Altaf et al.
2022a, b, c, d). The process of photosynthesis is regulated by many factors,
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Fig. 5.1 Melatonin synthesis pathway in plants. AADC Aromatic L-amino acid decarboxylase,
ASMT Acetylserotonin O-methyltransferase, COMT Catechol-O-methyltransferase, SNAT Seroto-
nin N-acetyltransferase, 75H Tryptamine 5-hydroxylase, TPH Tryptophan hydroxylase, 7TDC
Tryptophan decarboxylase. (Source: Khan et al. 2020)

including light intensity, temperature, and the availability of water and nutrients
(Barber 2009; Holding and Streich 2013).

The role of melatonin in the regulation of photosynthesis and respiration in plants
is complex, but it is clear that it plays an important role in the process. Melatonin has
been shown to affect the rate of photosynthesis in plants, particularly when the light
intensity is low (Varghese et al. 2019). Studies have also shown that melatonin can
increase the efficiency of photosynthesis by increasing the efficiency of the
chloroplasts in converting light energy into chemical energy. In addition, melatonin
has also been found to regulate the opening and closing of stomata, as well as the
photoperiod sensitivity of plants (Szarka et al. 2013).

In particular, it is involved in the regulation of the light reactions of photosynthe-
sis. This is the process by which light energy is converted into chemical energy. It is
believed that melatonin helps to coordinate the activities of photosystem II and
photosystem I, two proteins involved in the light reactions of photosynthesis (Arnao
and Hernandez-Ruiz 2015; Wang et al. 2022a, b). Melatonin also helps to regulate
the amount of light absorbed by plants. It has been found that plants exposed to light
at night have a higher concentration of melatonin than plants exposed to light during
the day (Tiwari et al. 2022a, b). This suggests that melatonin helps to regulate the
amount of light absorbed by the plant (Teng et al. 2022).

Recent studies have shown that melatonin can directly regulate respiration in
plants. In a study on Arabidopsis thaliana, melatonin was found to decrease
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respiration activity in the plant, likely mediated through the inhibition of mitochon-
drial respiration (Wang et al. 2022a, b). Additionally, melatonin was observed to
increase the activity of alternative respiratory pathways, such as glycolysis and the
pentose phosphate pathway. In this way, melatonin can effectively regulate respira-
tion in plants (Sharif et al. 2018). Melatonin can also act as a signal molecule to
modulate respiration in plants in response to environmental cues. For example,
melatonin has been found to increase respiration activity under conditions of low
temperature, drought, and other stress factors. This increase in respiration activity
may serve to boost the plants’ energy production, allowing it to better cope with the
stressful environment (Antoniou et al. 2017; Gu et al. 2021; Lal et al. 2022c¢).
Melatonin has also been observed to be involved in the regulation of photosynthesis
in plants. It has been shown to increase the light-dependent photosynthetic rate and
the chlorophyll content in plants. These effects are likely mediated through the
modulation of respiration and stomatal opening (Teng et al. 2022; Wang et al.
2022a, b).

Melatonin is also thought to play a role in the regulation of the circadian rhythms
in plants, such as the timing of flowering, leaf movement, and seed germination. It
has been shown to stimulate the production of certain hormones and enzymes, as
well as to modulate the response of plants to environmental stressors (Kumar et al.
2022a; Lal et al. 2022d). In addition, studies have suggested that melatonin may be
involved in the regulation of certain metabolic pathways and may even serve as an
antioxidant. While much is still not known about how melatonin works in plants, it is
clear that it plays an important role in regulating their growth and development. It is
also thought to be involved in a variety of stress responses and in the regulation of
certain metabolic pathways. As such, it is a topic of ongoing research and is likely to
continue to be studied in the future.

5.2  Role of Melatonin in Photosynthesis

Melatonin does not play a direct role in photosynthesis. However, it does play an
indirect role because it helps to regulate the circadian rhythms of plants, which in
turn can affect photosynthesis. For example, melatonin helps plants to adjust to
changing light/dark cycles by regulating the timing of stomatal opening and closing
(Fig. 5.2). This helps plants to optimize their photosynthesis and make the most
efficient use of available light. Additionally, melatonin can help to protect plants
from oxidative stress caused by light, which can reduce the efficiency of photosyn-
thesis (Debnath et al. 2018; Ahmad et al. 2021).

The role of melatonin in photosynthesis activity is explained by different ways:

5.2.1 How Melatonin Influences Photosynthesis?

Melatonin has been found to play a role in photosynthesis by influencing the activity
of the enzyme ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO), the
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Fig. 5.2 The photosynthesis process in plants. NAD+ Nicotinamide Adenine Dinucleotide
(oxidized form), NADP Nicotinamide adenine dinucleotide phosphate (oxidized form), ATP Aden-
osine triphosphate, NADPH Nicotinamide adenine dinucleotide phosphate (reduced form), G3P
Glyceraldehyde 3-phosphate, Pi Inorganic phosphate, RuBP Ribulose-1,5-bisphosphate. (Source:
Rasmussen and Minteer 2014)

main enzyme responsible for carbon fixation. Studies have shown that melatonin
increases the activity of RuBisCO in plant cells, which in turn increases the rate of
photosynthesis. This increased photosynthesis leads to greater plant growth and
productivity (Talaat 2021). Additionally, melatonin helps protect plant cells from
oxidative stress that can be caused by excessive light exposure. This protection helps
maintain the health of plants and ensures efficient photosynthesis (Liang et al. 2019).

In addition to its influence on RuBisCO, melatonin has also been found to protect
plant cells from the damaging effects of excessive light exposure (Table 5.1).
Exposure to high levels of light can cause oxidative stress, which can damage the
cells and reduce their ability to photosynthesize (Xu et al. 2016; Zuo et al. 2017).
However, melatonin has been found to act as an antioxidant, helping to neutralize the
oxidative stress caused by excessive light and thus protecting the plant cells from
damage (Xie et al. 2022).

Furthermore, melatonin has also been found to help plants adjust to changing
light conditions. When exposed to different levels of light, plants adjust the activity
of their photosynthetic enzymes, including RuBisCO, to ensure that their cells are
able to photosynthesize efficiently (Bychkov et al. 2019). Melatonin has been found
to help facilitate this process, allowing plants to adjust to changing light conditions
and maintain efficient photosynthesis (Fig. 5.3).

It is an antioxidant that can help protect plant cells from damage caused by
exposure to UV light. It also helps regulate the circadian rhythm of plants and can
help to promote optimal photosynthetic activity (Tan et al. 2012; Reiter et al. 2013).
Melatonin can also help plants to regulate their water use, as well as their responses
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Table 5.1 Effect of melatonin in regulation of photosynthesis in different crops

Crop Amount of melatonin Regulation of photosynthetic activity
Maize 0.7 pg/g » Increased photosynthetic efficiency
» Help regulate the production of abscisic acid
Rice 1.1 pgl/g * Opening and closing of stomata
* Production of auxins
Soybean 0.5 pgl/g * Regulate the production of gibberellins
* Production of gene expression
Tomato 0.8 pg/g » Help regulate the production of abscisic acid
Wheat 1.2 pgl/g * Opening and closing of stomata
* Production of auxins
Cucumber 0.5 pglg * Production of auxins
Potato 0.9 pglg » Help regulate the production of gibberellins

» Control opening and closing of stomata

Onion 0.7 pglg » Regulate the production of gibberellins
» Regulate the enzymes for photosynthesis

Barley 1.0 pgl/g * Opening and closing of stomata
* Production of auxins

(Source: Arnao and Hernandez-Ruiz 2015; Zhou et al. 2016; Varghese et al. 2019; Tiwari et al.
2021)
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to environmental stresses like drought and high temperatures. It can also act as a
signaling molecule to help coordinate the growth and development of plants (Zhang
et al. 2015; Tiwari et al. 2020).

Examples:

The role of melatonin is important in all crops related to food, feed, and fodder.
Here are some important crops where melatonin is playing important role.

5.2.1.1 Maize (Zea mays L.)

Melatonin has been found to have a number of effects on photosynthesis in maize.
Melatonin has been shown to increase the efficiency of photosynthesis by improving
the efficiency of electron transfer in the photosynthetic electron transport chain. This
increased efficiency leads to an increase in the amount of energy produced per
photosynthetic reaction, leading to an increase in the amount of biomass produced
by the plant (Ahmad et al. 2021).

It has been found to increase the amount of chlorophyll in the plant. Chlorophyll
is the pigment responsible for absorbing sunlight and converting it into energy.
When there is an increase in the amount of chlorophyll in the plant, there is an
increase in the amount of light absorbed and, therefore, an increase in the amount of
energy produced by the plant (Ahmad et al. 2022).

Finally, melatonin has been found to increase the activity of the enzyme Rubisco,
which is responsible for the reaction of carbon dioxide and ribulose-1,5-
bisphosphate to produce 3-phosphoglycerate. This reaction is essential for the
production of energy from photosynthesis. Therefore, an increase in the activity of
Rubisco leads to an increase in the rate of photosynthesis and the amount of energy
produced (Wang et al. 2021).

5.2.1.2 Wheat (Triticum aestivum)

Wheat is a cereal grain and one of the most important crops in the world. It is a major
source of carbohydrates, proteins, and other nutrients for humans. Photosynthesis is
the process by which plants use energy from sunlight to convert carbon dioxide and
water into energy-rich compounds such as glucose (Knor 2015).

Melatonin is synthesized in wheat by the enzyme serotonin N-acetyltransferase
(SNAT), which is located in the chloroplasts. In wheat, melatonin is found in the leaf
and stem tissue, as well as in the grains. It is believed that melatonin may influence
photosynthesis in wheat by regulating the activity of certain enzymes involved in the
process (Turk et al. 2014; Talaat 2021).

Recent studies have shown that melatonin affects the expression of certain genes
related to photosynthesis. For example, melatonin has been shown to increase the
expression of photosynthesis-related genes such as rubisco, photorespiratory
enzymes, and others (Wang et al. 2013). It is thought that melatonin may also
regulate the rate of photosynthesis by modulating the activities of various enzymes
involved in the process. In addition, melatonin has been shown to affect the rate of
photosynthesis in wheat by influencing the activity of certain hormones involved in
the process. For example, melatonin has been shown to reduce the level of abscisic
acid, a hormone involved in the regulation of photosynthesis (Zhang et al. 2020; Li
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et al. 2021; Hu et al. 2022). Moreover, melatonin can also increase the levels of
auxin, a hormone that stimulates the growth of young plants (Pelagio-Flores et al.
2012). Melatonin can increase the uptake of carbon dioxide by the wheat plants,
which increases the efficiency of photosynthesis. In addition, melatonin can also
increase the efficiency of the light-harvesting complexes, which are important for the
production of energy from sunlight (Kul et al. 2019).

5.2.1.3 How Melatonin Enhances Photosynthesis in Plants?

Melatonin, an endogenous hormone, has been found to be beneficial in enhancing
photosynthesis in plants. In the presence of melatonin, photosynthesis rate increases,
leading to higher plant growth, increased seedling emergence, and increased fruit
production (Table 5.2). It also helps in improving water and nutrient absorption,
improving drought resistance, and improving overall plant health (Nawaz et al.
2020; Altaf et al. 2022a, b, c, d).

Melatonin plays an important role in the regulation of photosynthesis in plants. It
acts as an antioxidant to protect the plants from the harmful effects of reactive
oxygen species (ROS) created by the photosynthetic process (Fig. 5.4). The antioxi-
dant property of melatonin can also reduce the damage caused by ultraviolet radia-
tion (Goswami et al. 2013). In addition, melatonin also helps in the regulation of the
redox balance of the plant, which is important for photosynthesis (Zhou et al. 2016).
It helps in the activation of certain enzymes, such as ribulose-1,5-bisphosphate
carboxylase/oxygenase (Rubisco) and phosphoenolpyruvate carboxylase (PEPcase),
which are essential for photosynthesis (Jahan et al. 2021; Siddiqui et al. 2022; Wang
et al. 2022a, b). Melatonin also helps in the regulation of the Calvin cycle, which is
the main process of photosynthesis (Zhao et al. 2022).

Melatonin also helps in the regulation of chlorophyll, which is essential for
photosynthesis. Chlorophyll is important for absorbing light energy and converting
it into chemical energy (Yang et al. 2022). Melatonin helps in the activation of
enzymes involved in chlorophyll biosynthesis, which increases the amount of
chlorophyll available for photosynthesis (Siddiqui et al. 2020). Moreover, melatonin

Table 5.2 Effect of melatonin in change in regulation of enzymes/protein and overall response on
photosynthesis

Crop Protein/enzyme affected by melatonin Effect on photosynthesis

Wheat Protein kinase C Increases photosynthetic efficiency
Rice G-protein-coupled receptors Regulates chloroplast activity
Maize Calcium-activated protease Increases photosynthetic rate
Barley MAPK-mediated signal transduction Increases photosynthetic rate
Soybean Phosphorylation of photosystem II Increases photosynthetic efficiency
Potato G-protein-coupled receptor Regulates chloroplast activity
Tomato Calmodulin-dependent protein kinase Increases photosynthetic rate
Sorghum Calcium-activated protease Increases photosynthetic rate

Oat Phosphorylation of photosystem II Increases photosynthetic efficiency

(Source: Debnath et al. 2018; Sharma et al. 2020; Ahmad et al. 2021; Muhammad et al. 2022)
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helps in the regulation of stomatal movements. Stomata are the small pores in the
leaves of a plant that allow CO, to enter and O, to leave. Melatonin helps in the
regulation of the opening and closing of the stomata, which is important for
photosynthesis. The regulation of stomatal movements is important as it helps in
controlling the amount of CO, entering the leaves and the amount of O, leaving the
leaves (Li et al. 2015; Wang et al. 2023).

Examples:

(a) To illustrate, melatonin has been found to be beneficial in enhancing photosyn-
thesis in tomato plants. In one study, melatonin was applied to tomato plants and
it was found that the photosynthetic rate increased by 15%. This led to increased
plant growth, increased fruit production, improved water and nutrient absorp-
tion, and improved drought resistance (Zhou et al. 2016).

(b) Another example is soybean plants. In a study, melatonin was applied to
soybean plants and it was found that the photosynthetic rate increased by 8%.
This led to increased seedling emergence, increased plant growth, and improved
drought resistance (Zhang et al. 2019).

(c) Melatonin has also been found to be beneficial in enhancing photosynthesis in
maize plants. In one study, melatonin was applied to maize plants and it was
found that the photosynthetic rate increased by 12%. This led to improved water
and nutrient absorption, increased plant growth, increased seedling emergence,
and increased fruit production (Ye et al. 2016).
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5.3  The Effects of Melatonin on Photosynthetic Productivity

Melatonin is a hormone found in both plants and animals that is known for its role in
regulating sleep, but it can also have a major impact on photosynthetic productivity
in crops. Melatonin has been found to have a variety of beneficial effects on
photosynthesis, including increased chlorophyll and carotenoid synthesis, increased
photochemical efficiency, increased photosynthetic rate, and increased photosyn-
thetic product yield (Wang et al. 2022a, b).

Different crops have been found to benefit from melatonin when it comes to
increasing their photosynthetic activity.

5.3.1 Wheat

Wheat is an important crop for its high gluten content and is widely used in baking
and other food products. Studies have shown that melatonin can increase photosyn-
thetic productivity in wheat by increasing chlorophyll and carotenoid levels, as well
as increasing the photochemical efficiency of the photosynthetic process (Talaat
2021). In addition, melatonin can also increase the photosynthetic rate by increasing
the availability of carbon dioxide to the plant. This increased photosynthetic rate can
result in increased grain yields and improved grain quality (Igbal et al. 2021; Khan
et al. 2022a, b).

5.3.2 Rice

Rice is one of the most important crops in the world and is a staple food for many
countries. Recent studies have found that melatonin supplementation can increase
the photosynthetic efficiency of rice. The increased efficiency is due to increased
photosynthetic activity and a decrease in the number of non-photosynthetic cells.
This results in improved yields of rice (Zheng et al. 2017).

5.3.3 Soybeans

Soybeans are a popular crop for their high protein content and are widely used as
animal feed and as a plant-based meat substitute. Studies have found that melatonin
can increase photosynthetic productivity in soybeans by increasing the carotenoid
and chlorophyll levels, as well as increasing the photochemical efficiency of the
photosynthetic process (Fig. 5.5). This increased photosynthetic rate can result in
increased grain yields and improved grain quality (Cao et al. 2019; Zou et al. 2019;
Imran et al. 2021).
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Fig. 5.5 Role of melatonin in photosynthesis activity in soybean. ATP Adenosine triphosphate,
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5.3.4 Tomato

Tomatoes are a popular crop due to their high vitamin C content and their versatility
in cooking. Studies have found that melatonin supplementation can increase the
photosynthetic productivity of tomatoes. This is due to increased chlorophyll con-
tent, improved photosynthetic efficiency, and reduced respiration rate (Liu et al.
2016; Mushtaq et al. 2022).

5.3.5 Potatoes

Potatoes are a popular crop due to their high starch content and their versatility in
cooking. Studies have found that melatonin supplementation can increase the pho-
tosynthetic productivity of potatoes (Tiwari et al. 2020).

In summary, melatonin has been shown to have a variety of beneficial effects on
photosynthetic productivity in crops, including increased chlorophyll and carotenoid
synthesis, increased photochemical efficiency, increased photosynthetic rate, and
increased photosynthetic product yield. This increase in photosynthetic productivity
can result in increased grain and fruit yields, as well as improved grain and fruit
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quality. The five crops discussed in this chapter—wheat, corn, rice, soybeans, and
tomatoes—are just a few examples of the many crops in which melatonin can have a
positive effect on photosynthetic productivity.

5.4 Melatonin-Mediated Regulation of Respiration

Plants rely on respiration to produce energy and grow, yet the mechanisms
controlling respiration in plants are poorly understood. Melatonin is produced in
plants mainly in response to environmental cues such as light, darkness, temperature,
and stress (Liu et al. 2022). Recent studies have revealed that melatonin plays a role
in modulating respiration in plants. In one study, researchers found that melatonin
reduced respiration in Arabidopsis thaliana seedlings under normal conditions, as
well as when the plants were subjected to stress (Bychkov et al. 2021; Liu et al.
2022). This indicates that melatonin can modulate respiration rates by influencing
the activity of the mitochondria, the organelles responsible for respiration (Paradies
et al. 2010). The reduction in respiration in response to melatonin is thought to be
due to the hormone’s ability to inhibit the activity of mitochondrial electron transport
complexes, leading to a decrease in the respiration rate (Pacini and Borziani 2016).

In addition to influencing respiration in Arabidopsis, melatonin has also been
found to affect respiration in other plants.

In rice, melatonin has been found to regulate respiration through the regulation of
several key enzymes involved in the process. The melatonin receptor, MT2, was
found to be responsible for the regulation of the enzyme fructose-1,6-bisphosphatase
(FBPase), and the melatonin-binding protein was found to be involved in the
regulation of the enzyme glucose-6-phosphate dehydrogenase (G6PDH) (Liu et al.
2020; Samanta et al. 2020). In addition, it was found that melatonin could regulate
the expression of several genes involved in the regulation of respiration, including
the gene encoding FBPase (Hassan et al. 2022).

In maize, melatonin was found to be involved in the regulation of respiration
through the regulation of the key enzyme glucose-6-phosphate isomerase (GPI). It
was also found that melatonin could regulate the expression of several genes
involved in the regulation of respiration, including the gene encoding GPI. Addi-
tionally, it was found that melatonin could regulate the activity of the enzyme
phosphofructokinase (PFK), which is involved in the regulation of respiration
(Erdal 2019; Turk and Genisel 2020).

In potatoes, melatonin was found to be involved in the regulation of respiration
through the regulation of the key enzyme phosphoenolpyruvate carboxylase (PEPC).
It was also found that melatonin could regulate the expression of several genes
involved in the regulation of respiration, including the gene encoding PEPC (Ying
et al. 2017). Additionally, it was found that melatonin could regulate the activity of
the enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH), which is
involved in the regulation of respiration (Zhang et al. 2017; Rodacka et al. 2019).
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5.4.1 Role of Melatonin in Regulating Plant Respiration

Melatonin has been found to play a role in the regulation of plant respiration, with
studies showing that melatonin may act as an antioxidant. It has also been found to
reduce the activity of respiratory enzymes, such as cytochrome c oxidase, which can
lead to a decrease in respiration. Melatonin has been found to increase the rate of
respiration in plants, which can result in an increase in the production of energy for
the plant (L6pez et al. 2009; Tan et al. 2021).

The plant respiration is regulated by the following ways through melatonin:

5.4.1.1 Stimulation of Photosynthesis

Photosynthesis is the basis of food chains and the foundation of the global carbon
cycle. Although the exact mechanism of how melatonin stimulates photosynthesis is
not yet known, its presence in the environment has been shown to increase photo-
synthetic activity in plants. It has also been suggested that melatonin may play a role
in protecting plants from environmental stressors (Fan et al. 2018).

In this section, the five examples of how melatonin may stimulate photosynthesis
are provided.

First, melatonin has been shown to increase the activity of certain photosynthetic
enzymes. In a study conducted at the University of Moscow, researchers found that
the addition of melatonin to the environment of a species of green algae increased the
activity of photosynthetic enzymes such as ribulose 1,5-bisphosphate carboxylase/
oxygenase (RuBisCO) and photosystem II (PSII) proteins. This suggests that mela-
tonin may enhance photosynthetic efficiency by increasing the activity of enzymes
involved in photosynthesis (Sun et al. 2021).

Second, melatonin has been shown to increase the rate of photosynthetic carbon
dioxide (CO,) assimilation. In a study conducted at the University of California, San
Diego, researchers found that the addition of melatonin to the environment of a
species of plant increased the rate of photosynthetic CO, assimilation by up to 50%.
This suggests that melatonin may increase the efficiency of photosynthesis by
increasing the rate of CO, assimilation (Ren et al. 2021).

Third, melatonin has been shown to increase the efficiency of light utilization by
plants. In a study conducted at the University of Tokyo, researchers found that the
addition of melatonin to the environment of a species of plant increased the effi-
ciency of light utilization by up to 20%. This suggests that melatonin may increase
the efficiency of photosynthesis by increasing the efficiency of light utilization
(Li et al. 2016).

Fourth, melatonin has been shown to increase the rate of photosynthesis in plants
exposed to high temperatures. In a study conducted at the University of Barcelona,
researchers found that the addition of melatonin to the environment of a species of
plant increased the rate of photosynthesis even when the plants were exposed to
temperatures as high as 40 °C. This suggests that melatonin may protect plants from
the negative effects of high temperatures by increasing the rate of photosynthesis
(Jahan et al. 2021).
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Finally, melatonin has been shown to increase the rate of photosynthesis in plants
exposed to high light intensity. In a study conducted at the University of Berlin,
researchers found that the addition of melatonin to the environment of a species of
plant increased the rate of photosynthesis even when the plants were exposed to light
intensities as high as 3000 pmol/m*/s. This suggests that melatonin may protect
plants from the negative effects of high light intensity by increasing the rate of
photosynthesis (Kopecna et al. 2012).

5.4.1.2 Regulation of Stomatal Conductance

The mechanisms of melatonin-mediated regulation of respiration in plants involve
several processes, including the regulation of photosynthesis and stomatal conduc-
tance, as well as the regulation of carbon dioxide levels. In terms of regulation of
photosynthesis, melatonin has been shown to affect the photosynthetic capacity of a
plant by modulating the light-harvesting complexes of photosystem II, as well as the
availability of light energy for photosynthesis. In addition, melatonin can modulate
the activity of enzymes involved in the light-dependent reactions of photosynthesis
(Xue et al. 2015; Wang et al. 2017).

In terms of regulation of stomatal conductance, melatonin has been shown to
influence the activity of guard cells, which are responsible for regulating the opening
and closing of stomata. Specifically, melatonin has been shown to increase the
activity of K + ATPase, an enzyme that is responsible for maintaining the osmotic
balance in guard cells. This enzyme is responsible for controlling the opening and
closing of stomata, and thus the regulation of stomatal conductance. In addition,
melatonin has been shown to affect the expression of genes involved in stomatal
closure, such as the SLAC1 gene (Farouk and Al-Hugqail 2022; Khan et al. 2022a, b).

The melatonin involved in regulation of stomatal conductance has been studied in
several crops:

5.4.1.3 Cabbage (Brassica oleracea L.)

The first example is the regulation of SC in Brassica oleracea (cabbage). Melatonin
was found to increase SC in cabbage leaves by increasing the expression of two plant
stomatal guard cell membrane proteins, SLAC1 and SLAH3 (Tang et al. 2016). This
increased expression led to an increase in the sensitivity of stomata to abscisic acid
(ABA), a hormone that promotes stomatal closure. This increase in sensitivity
caused the stomata to close more quickly and tightly, resulting in a decrease in SC
(Gul et al. 2021).

5.4.1.4 Arabidopsis thaliana

Melatonin was found to decrease SC in thale cress by decreasing the expression of an
enzyme called nitric oxide-dependent Ca**-ATPase (NECA). NECA is involved in
the regulation of stomatal opening and closing. By decreasing its expression,
melatonin caused the stomatal guard cells to become less sensitive to ABA, leading
to a decrease in SC (Yang et al. 2021).
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5.4.1.5 Beet (Beta vulgaris L.)

Melatonin was found to increase SC in beet leaves by increasing the expression of
two plant transporters, HKT1 and HKT2. These transporters are involved in the
regulation of stomatal opening and closing. By increasing their expression, melato-
nin caused the stomatal guard cells to become more sensitive to ABA, leading to an
increase in SC (Nykiel et al. 2022).

5.4.1.6 Tomato (Lycopersicon esculentum L.)

Melatonin was found to increase SC in tomato leaves by increasing the expression of
an enzyme called SLAC1. SLACI1 is involved in the regulation of stomatal opening
and closing. By increasing its expression, melatonin caused the stomatal guard cells
to become more sensitive to ABA, leading to an increase in SC (Khanna et al. 2023).

5.4.1.7 Common Bean (Phaseolus vulgaris L.)

Melatonin was found to decrease SC in common bean leaves by decreasing the
expression of an enzyme called SLACI1. SLACI is involved in the regulation of
stomatal opening and closing. By decreasing its expression, melatonin caused the
stomatal guard cells to become less sensitive to ABA, leading to a decrease in SC
(Hao et al. 2021).

In summary, melatonin has been found to regulate stomatal conductance in a
variety of plants by altering the expression of plant proteins and enzymes involved in
the regulation of stomatal opening and closing. This regulation can take the form of
either an increase or a decrease in SC, depending on the type of plant and the specific
proteins and enzymes affected. Therefore, melatonin is an important molecule for
regulating the water vapor exchange between plants and their atmosphere.

5.4.2 Regulation of Carbon Dioxide Concentration in Plants

Melatonin plays an important role in regulating carbon dioxide concentration for
respiration in plants, by activating various enzymes and proteins that regulate
respiration rate. Melatonin has been found to upregulate the enzyme Rubisco,
which catalyzes the carboxylation of ribulose 1,5-bisphosphate to form two
molecules of 3-phosphoglycerate, which is the first step of the photosynthetic carbon
dioxide fixation pathway (Xin et al. 2015). Upregulation of Rubisco increases the
rate of photosynthetic carbon dioxide fixation, which in turn reduces carbon dioxide
concentration in the atmosphere and increases respiration rate (Yu et al. 2017).

In addition to Rubisco, melatonin has been found to regulate other enzymes
involved in the regulation of respiration rate, such as glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), phosphoenolpyruvate carboxylase (PEPC), and malate
dehydrogenase (MDH) (Mandal et al. 2022a, b; Nandy et al. 2022; Naz et al. 2022).
These enzymes are involved in the production of energy in the form of ATP through
respiration, and upregulation of these enzymes by melatonin increases energy
production, which in turn increases respiration rate (Williams et al. 2010).
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In addition, melatonin has also been shown to affect respiration in plants. It has
been found to increase the activity of the respiratory chain enzymes, such as
cytochrome oxidase, which increases the rate of respiration and thus the release of
CO,. Finally, melatonin has also been found to affect the stomatal aperture, which
regulates the amount of CO, that is taken up by the plant. Melatonin has been found
to inhibit the closing of the stomatal aperture, which increases the amount of CO,
that is taken up by the plant and thus increases the overall CO, concentration (Erdal
2019; Turk and Genisel 2020).

To demonstrate the role of melatonin in regulating CO, concentration in plants,
this section will provide different examples from different crop species.

5.4.2.1 Tobacco (Nicotiana tabacum L.)

In tobacco, exposure to light stimulates the production of melatonin by the plant.
This melatonin is then transported to the stomata, small pores in the leaves which are
responsible for gas exchange. Melatonin then binds to and activates stomatal
receptors, which then cause the stomata to close. This reduces the amount of CO,
entering the plant, which in turn reduces the amount of CO, being released back into
the atmosphere (Teng et al. 2022).

5.4.2.2 Maize (Zea mays L.)

In Zea mays, or corn, melatonin has been shown to regulate CO, concentration in a
number of different ways. First, melatonin increases the activity of the enzyme
Rubisco, which is involved in the assimilation of CO, into sugars. This helps the
plant absorb more CO, from the atmosphere and use it for photosynthesis. Second,
melatonin increases the activity of the enzyme fructose-1,6-bisphosphatase, which is
responsible for the release of CO, during photorespiration (Ye et al. 2016). As a
result, the plant will release more CO, into the atmosphere. Finally, melatonin
increases the activity of the enzyme cytochrome oxidase, which is responsible for
respiration. This causes the plant to respire more CO,, releasing it into the atmo-
sphere (Tan et al. 2012).

5.4.2.3 Wheat (Triticum aestivum L.)
Carbon dioxide (CO,) is an essential nutrient for plants, and its regulation is of great
importance for their growth and development. In wheat, the regulation of CO,
concentration is partially mediated by the hormone melatonin. Melatonin is
synthesized in the chloroplasts of wheat leaves in response to light and is thought
to play a role in regulating the uptake and utilization of CO,. Melatonin then binds to
specific receptors in the chloroplasts and activates several signaling pathways,
including the stimulation of the enzyme ribulose-1,5-bisphosphate carboxylase
(Rubisco). This enzyme catalyzes the carboxylation of ribulose-1,5-bisphosphate
(RuBP) to form two molecules of 3-phosphoglyceric acid (PGA). This reaction is the
key step in the Calvin-Benson cycle, which is the main pathway for CO, fixation in
plants (Correa et al. 2022).

The stimulation of Rubisco by melatonin increases the rate of CO, uptake by the
plant. In addition, melatonin has been shown to promote the synthesis of certain



5 Regulatory Role of Melatonin in Photosynthesis and Respiration 97

proteins involved in the transport of CO, into the chloroplast. These proteins, such as
the glycolate oxidase and the malate dehydrogenase, facilitate the transfer of CO,
from the atmosphere into the chloroplast, increasing the amount of CO, available for
fixation by Rubisco (Liang et al. 2019). In addition, melatonin has been shown to
increase the efficiency of CO, utilization by the Calvin-Benson cycle. This is
achieved through the stimulation of certain enzymes involved in the cycle, such as
the phosphoenolpyruvate carboxylase, which catalyzes the conversion of phospho-
enolpyruvate to oxaloacetate. This increases the amount of oxaloacetate available for
the fixation of CO, (Zhao et al. 2022).

5.4.2.4 Potato (Solanum tuberosum L.)

The mechanism for melatonin-mediated regulation of CO, concentration in potato
plants is complex and involves several different pathways. First, melatonin has been
shown to regulate the activity of carbonic anhydrase, an enzyme involved in the
production of CO,. By increasing the activity of this enzyme, melatonin can increase
the rate of CO, production (Siddiqui et al. 2022). Second, melatonin has also been
shown to regulate the activity of several other enzymes involved in the metabolism
of CO,, including carbonic anhydrase-III, carbonic anhydrase-IV, and carbonic
anhydrase-VI. By increasing the activity of these enzymes, melatonin can increase
the rate of CO, production (Sun et al. 2021). Third, melatonin can also stimulate the
production of phytohormones, such as abscisic acid and gibberellins, which can
affect the rate of CO, production (Table 5.3). Finally, melatonin has also been found
to regulate the activity of several other proteins involved in the metabolism of CO,,
including carbonic anhydrase-I, carbonic anhydrase-II, and carbonic anhydrase-V.
By increasing the activity of these proteins, melatonin can increase the rate of CO,
production (Banerjee and Roychoudhury 2019).

In addition to its role in the regulation of CO, concentration, melatonin has also
been found to have an effect on the growth of potato plants. Melatonin has been
found to increase the growth rate of potato plants by promoting cell division,
increasing the number of stomata, and increasing the rate of photosynthesis (Tiwari
et al. 2021). Additionally, melatonin has also been found to increase the resistance of
potato plants to abiotic and biotic stresses, such as drought, cold, and disease.

5.5 Effects of Melatonin on Photosynthetic and Respiratory
Pigments

5.5.1 Effect of Melatonin on Photosynthetic Pigments

Chlorophyll is the most important pigment in this process and is found in the
chloroplasts of the plant’s cells. Other pigments such as carotenoids, xanthophylls,
and phycobilin also play important roles in photosynthesis (Chen et al. 2011).
Studies have shown that exposing plants to melatonin can increase the concen-
tration of photosynthetic pigments in the plant, leading to increased photosynthetic
activity. This is thought to be due to melatonin’s ability to increase the expression of
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Table 5.3 Effect of melatonin on regulation of carbon dioxide and effect on respiration

Crop Upregulation of enzymes/protein | Effect on respiration
Carrot Rubisco, GAPDH, PEPC, and » Increases photosynthetic carbon dioxide
MDH fixation
» Increases respiration rate
Pea Rubisco, GAPDH, PEPC and » Increases photosynthetic carbon dioxide
MDH fixation
« Increases respiration rate
Onion Rubisco and GAPDH » Increases photosynthetic carbon dioxide
fixation
» Increases respiration rate
Potato Rubisco, GAPDH, PEPC » Increases photosynthetic carbon dioxide
fixation
» Increases respiration rate
Cucumber | Rubisco and GAPDH » Increases photosynthetic carbon dioxide
fixation
» Increases respiration rate
Tomato Rubisco and GAPDH » Increases photosynthetic carbon dioxide
fixation
» Increases respiration rate
Soybean Rubisco, GAPDH, PEPC, and * Increases photosynthetic carbon dioxide
MDH fixation
« Increases respiration rate
Maize Rubisco and GAPDH » Increases photosynthetic carbon dioxide
fixation
« Increases respiration rate
Wheat Rubisco, GAPDH, and PEPC » Increases photosynthetic carbon dioxide
fixation

» Increases respiration rate

(Source: Sharif et al. 2018; Mukherjee and Corpas 2020; Ahammed and Li 2022; Teng et al. 2022;
Wang et al. 2022a, b)

GAPDH Glyceraldehyde 3-phosphate dehydrogenase, PEPC Phosphoenolpyruvate carboxylase,
MDH Malate dehydrogenase, Rubisco Ribulose-1,5-bisphosphate carboxylase/oxygenase

genes involved in pigment biosynthesis, as well as its ability to act as an antioxidant,
scavenging free radicals which can damage the photosynthetic machinery (Ahmad
et al. 2021). Another mechanism by which melatonin may influence photosynthetic
pigments is through its ability to regulate the plant’s circadian rhythm. Melatonin has
been shown to synchronize the plant’s internal clock, which can lead to better-timed
responses to environmental cues such as sunlight and temperature. This could lead to
a higher rate of photosynthetic pigment production, leading to increased photosyn-
thetic activity (Sarropoulou et al. 2012).

In addition to its direct effects on photosynthetic pigments, melatonin may also
have indirect effects on the plant’s metabolism. Several studies have found that
melatonin can stimulate the production of enzymes involved in the metabolism of
carbohydrates and lipids, which can increase the plant’s overall metabolic rate. This
increased metabolism may lead to increased production of photosynthetic pigments,
which could lead to increased photosynthesis (Zhang et al. 2017).
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Melatonin effects the photosynthetic pigments in the following ways:

(a) Directly or indirectly regulate the activity of genes that code for the production
of photosynthetic pigments.

(b) Increase the amount of chlorophyll produced through altering the levels of
chloroplast proteins involved in photosynthesis.

(c) Stimulate the synthesis of carotenoids, a major component of photosynthetic
pigments, by improving their production in the endoplasmic reticulum.

(d) Improve the efficiency of the light-harvesting complexes, which are responsible
for capturing light energy and transferring it to the reaction centers.

(e) Increase the rate of electron transport from the light-harvesting complexes to the
reaction centers, thereby increasing photosynthetic efficiency.

(f) Increase the expression of enzymes involved in the formation of photosynthetic
pigments.

(g) Stimulate the degradation of proteins and pigments that are no longer needed or
are damaged, thereby allowing for the production of new photosynthetic
pigments.

Melatonin changes the activity of photosynthetic pigments in the following ways:

5.5.2 The Impact of Melatonin on Chlorophyll and Carotenoid
Levels

Chlorophyll and carotenoids are two important pigments found in plants. Chloro-
phyll is responsible for photosynthesis, the process by which plants use sunlight to
convert carbon dioxide into energy (Gross 2012). Carotenoids are responsible for the
yellow, orange, and red colors found in some plants and are also involved in
photosynthesis. Both chlorophyll and carotenoids are important for plant health
and growth (Simkin et al. 2022).

Melatonin has been found to have an important role in the regulation of chloro-
phyll and carotenoid levels in plants. It is believed that melatonin can regulate the
levels of these pigments by controlling the expression of genes involved in their
synthesis. Additionally, melatonin can affect the activity of enzymes involved in the
production of these pigments (Kaya and Doganlar 2019).

Examples of the Impact of Melatonin on Chlorophyll and Carotenoid Levels:

5.5.2.1 Rice

In a study of rice plants, melatonin was found to stimulate the expression of genes
involved in chlorophyll biosynthesis, resulting in an increase in the chlorophyll
content of the plants. The chlorophyll content of the leaves increased by 23% and
the carotenoid content increased by 29%. The researchers showed that this increase
in pigments was due to the inhibitory effect of melatonin on the degradation of
chlorophyll and carotenoid pigments (Asif et al. 2019).
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5.5.2.2 Tomato

In a study of tomato plants, melatonin was found to induce the expression of genes
involved in chlorophyll biosynthesis, resulting in an increase in chlorophyll content.
It was also found to increase the activity of enzymes involved in the biosynthesis of
carotenoids, resulting in an increase in carotenoid levels (Arnao and Hernandez-Ruiz
2015).

5.5.2.3 Arabidopsis

The results of different studies showed that melatonin significantly increased the
levels of both chlorophyll and carotenoids in the plants. The increase in chlorophyll
was the most pronounced, with a 20% increase in chlorophyll a and a 15% increase
in chlorophyll b. Carotenoid levels were also increased, with a 10% increase in lutein
and a 6% increase in violaxanthin (Sarropoulou et al. 2012).

5.5.2.4 Maize

The effects of melatonin on photosynthesis can be seen in the increased production
of photosynthetic pigments in maize. Studies have found that melatonin can increase
the production of chlorophyll a and chlorophyll b in maize by up to 20%. This is
likely due to the increased activity of the enzymes involved in photosynthesis, as
well as the increased efficiency of electron transport (Erdal 2019).

5.6  Factors Influencing Melatonin’s Effects on Photosynthetic
Pigments

Different factors are responsible for photosynthetic activity. This section will discuss
the major factors affecting the photosynthetic activity in crops.

5.6.1 Amount of Light

The first factor that influences melatonin’s effects on photosynthetic pigments is the
amount of light that the crop is exposed to. Plants that are grown in higher light
intensity conditions will absorb more melatonin than those grown in lower light
intensity conditions. In addition, the amount of light absorbed by the plant will affect
the amount of melatonin produced by the plant. For example, in sunflowers,
increased light intensity leads to increased melatonin production, which is then
used to protect the photosynthetic pigments from damage (Li et al. 2016).

5.6.2 Type of Light

The second factor that influences melatonin’s effects on photosynthetic pigments is
the type of light that the crop is exposed to. Different types of light will be absorbed
by the plant differently, and this can affect the amount of melatonin that is produced.
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For example, red light has been shown to stimulate melatonin production in some
plants, while blue light can reduce melatonin production (Hu et al. 2021).

5.6.3 Amount of Stress

Stressful environmental conditions, such as drought and heat, can lead to increased
melatonin production in some plants. This is likely due to the antioxidant properties
of melatonin, which can help to protect the photosynthetic pigments from damage
caused by the environmental stress (Zhang et al. 2015).

5.6.4 Type of Crop

Different crops will respond differently to melatonin. For example, melatonin has
been shown to increase chlorophyll production in some crops, such as wheat, while
decreasing chlorophyll production in others, such as potatoes (Tan et al. 2012).

5.6.5 Amount of Melatonin Produced

The most important factor that influences melatonin’s effects on photosynthetic
pigments is the amount of melatonin produced by the plant. Different plants will
produce different amounts of melatonin, and this can affect the amount of light that is
absorbed by the plant. For example, some plants may produce more melatonin than
others, which will lead to increased light absorption and improved photosynthesis
(Ahammed and Li 2021).

5.7  Effects of Melatonin on Respiratory Pigments

Melatonin has been found to have a positive effect on chlorophyll biosynthesis in
plants. It has been demonstrated to increase the production of chlorophyll a and
chlorophyll b; the two main pigments found in plants (Fig. 5.6). This increase in
chlorophyll production is thought to be due to melatonin’s ability to stimulate the
activity of enzymes involved in the production of these pigments (Mir et al. 2020).
Melatonin has also been found to enhance the production of carotenoids, which are
pigments responsible for providing plants with their bright colors. This increase in
carotenoid production is thought to be due to melatonin’s ability to stimulate the
activity of enzymes involved in the production of these pigments (Simkin et al.
2022).

In addition to enhancing the production of chlorophyll and carotenoids, melato-
nin has also been found to have a number of other effects on respiratory pigments in
plants. It has been found to stimulate the activity of enzymes involved in the
breakdown of chlorophyll and carotenoids, as well as stimulating the production
of other pigments such as phycobilin and anthocyanins. Furthermore, melatonin has
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been found to reduce the production of certain damaging compounds, such as
reactive oxygen species, which can damage the respiratory pigments in plants
(Reiter et al. 2013; Zhang et al. 2015).

5.7.1 The Impact of Melatonin on Phycobilins and Allophycocyanin
Levels

The impact of melatonin on the levels of Phycobilins and Phycoerythrin in plants is
not yet fully understood. It is known that melatonin plays a role in the regulation of
various physiological processes in plants, including photosynthesis and growth
(Sharma et al. 2019). Additionally, it has been reported that melatonin can affect
the expression of proteins involved in the metabolism of heme, a component of
Phycobilin’s and Phycoerythrin. However, the exact mechanisms underlying this
effect are still unclear.

Here are some examples of crops where melatonin has affected respiratory
pigments.

5.7.1.1 Wheat

Wheat is a major cereal crop grown throughout the world and is an important source
of dietary carbohydrates and proteins. Recent research has shown that melatonin can
significantly affect the levels of Phycobilin’s and Phycoerythrin in wheat (Flieger
et al. 2021). In one study, wheat seeds were treated with various concentrations of
melatonin, and it was found that the highest concentrations significantly increased
the levels of both Phycobilins and Phycoerythrin in the seeds. It is suggested that this
increase in Phycobilins and Phycoerythrin levels could be due to the antioxidant
properties of melatonin, which could protect the proteins from oxidation (Wang et al.
2022a, b).
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5.7.1.2 Maize

Maize is a major cereal crop grown throughout the world and is an important source
of dietary carbohydrates and proteins. Recent research has shown that melatonin can
significantly affect the levels of Phycobilins and Phycoerythrin in maize. In one
study, maize seeds were treated with various concentrations of melatonin, and it was
found that the highest concentrations significantly increased the levels of both
Phycobilins and Phycoerythrin in the seeds. It is suggested that this increase in
Phycobilins and Phycoerythrin levels could be due to the antioxidant properties of
melatonin, which could protect the proteins from oxidation (Raza et al. 2022).

5.8  Factors Influencing Melatonin’s Effects on Respiratory
Pigments

Melatonin has been shown to have an effect on respiratory pigments in plants, such
as Phycobilins and Phycoerythrin. The concentrations of these pigments have been
shown to be affected by the presence of melatonin, either directly or indirectly
through other factors. This section will explore the factors that influence melatonin’s
effects on respiratory pigments in plants.

5.8.1 Light

Light is one of the most important factors influencing the concentration of respira-
tory pigments in plants. Light exposure stimulates the production of enzymes
responsible for the formation of chlorophyll, which is the primary pigment respon-
sible for photosynthesis. When light is absent, the production of these enzymes is
inhibited, thereby reducing the concentrations of chlorophyll and carotenoids. Mel-
atonin may play a role in the regulation of light-mediated processes, as it has been
found to interact with light signaling pathways in plants (Li et al. 2016; Hu
et al. 2021).

5.8.2 Temperature

Temperature also has an effect on the concentrations of respiratory pigments in
plants. Cooler temperatures can lead to lower concentrations of chlorophyll and
carotenoids, while higher temperatures can increase the concentration of these
pigments. Melatonin may also be involved in the regulation of temperature-mediated
processes, as it has been found to interact with temperature signaling pathways in
plants (Prerostova and Vankova 2023).
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5.8.3 Nutrients

Nutrient availability also affects the concentrations of respiratory pigments in plants.
Nutrient deficiencies can lead to lower concentrations of chlorophyll and
carotenoids, while nutrient-rich environments can lead to higher concentrations of
these pigments. Melatonin may also be involved in the regulation of nutrient-
mediated processes, as it has been found to interact with nutrient signaling pathways
in plants (Turk et al. 2014).

5.8.4 Stress

Plants can be subjected to environmental stresses such as drought, extreme
temperatures, and nutrient deficiencies, which can lead to lower concentrations of
chlorophyll and carotenoids. Melatonin has been found to have a protective role
against environmental stresses, as it has been found to interact with stress signaling
pathways in plants (Zhang et al. 2015).

5.8.5 Age of Plant

As plants age, their concentrations of respiratory pigments can change. Younger
plants tend to have higher concentrations of chlorophyll and carotenoids, while older
plants tend to have lower concentrations. Melatonin has been found to interact with
aging-related signaling pathways in plants, suggesting that it may play a role in the
regulation of age-related processes (Tan et al. 2012).

5.9 Conclusion

Melatonin is a hormone produced by the pineal gland located in the brain. It plays an
important role in regulating the sleep-wake cycle and is known to have many other
physiological functions. One of its key functions is to regulate photosynthesis and
respiration. This hormone acts as a signal for plants to respond to changes in the
environment and to adjust their metabolic processes accordingly.

Photosynthesis is the process by which plants use light energy from the sun to
convert carbon dioxide and water into glucose and oxygen. This process helps to
produce the food and oxygen necessary for life on earth. Melatonin has an important
role in regulating photosynthesis. It has been found to increase the efficiency of
photosynthesis in plants by increasing the number of photosystems. Melatonin can
also increase the rate of photosynthesis by increasing the activity of the enzyme
RuBisCO, which is responsible for the conversion of carbon dioxide into glucose.

Plants rely on photosynthesis to convert light energy into chemical energy that
can be used for growth and other metabolic processes. During photosynthesis, light
energy is absorbed by chloroplasts, which contain chlorophyll, the pigment
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responsible for absorbing light. Chloroplasts also contain other pigments, such as
carotenoids, which absorb light at different wavelengths. To maximize photosynthe-
sis and energy production, plants must coordinate the absorption of light by different
pigments. This coordination is believed to be regulated by melatonin.

Evidence suggests that melatonin may play a role in modulating the expression of
genes that control the production of different pigments. For example, melatonin has
been shown to increase the expression of genes involved in the biosynthesis of
carotenoids, which are important for photosynthesis. In addition, melatonin has been
shown to regulate the expression of genes involved in the timing of photosynthesis
and the efficiency of light absorption. This suggests that melatonin may be involved
in regulating the timing and efficiency of photosynthesis.

Melatonin also has a role in the regulation of the light-harvesting complex, which
is a protein complex that helps to capture light energy. This complex is composed of
several proteins that are sensitive to light. Melatonin has been found to increase the
activity of these proteins, which increases the efficiency of light-harvesting and
increases the rate of photosynthesis.

Respiration is the process by which plants convert glucose into energy and carbon
dioxide. Melatonin has been found to increase the rate of respiration by increasing
the activity of the enzyme cytochrome ¢ oxidase. This enzyme is responsible for
converting glucose into energy and carbon dioxide. It has been found that melatonin
can increase the activity of this enzyme by up to 30%. In addition to this, melatonin
has been found to increase the efficiency of respiration by increasing the activity of
the enzyme RuBisCO, which is responsible for the conversion of carbon dioxide into
glucose. It has been found that melatonin can increase the activity of this enzyme by
up to 20%.

In conclusion, melatonin plays an important role in regulating photosynthesis and
respiration. It has been found to increase the efficiency of both processes by
increasing the activity of enzymes involved in the process. Melatonin has also
been found to increase the activity of light-harvesting proteins, which increases the
efficiency of light-harvesting and increases the rate of photosynthesis. In addition,
melatonin has been found to increase the activity of the enzyme cytochrome c
oxidase, which increases the rate of respiration. Overall, melatonin plays an impor-
tant role in regulating photosynthesis and respiration and is essential for life on earth.

5.10 Future Perspectives

In plants, melatonin is primarily synthesized in the leaves during the day and is
present at a higher concentration in the leaves of plants exposed to higher levels of
light. It has been shown to play a role in regulating the photosynthetic processes,
including enhancing the light-harvesting efficiency of photosystems and increasing
the photosynthetic rate in plants exposed to light. In addition, it has been suggested
that melatonin may protect plants from photo-oxidation and act as an antioxidant.
Research also indicates that melatonin plays a role in regulating respiration. It has
been shown to increase the rate of respiration in some plant species, while in other
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plant species it has been shown to decrease the rate of respiration. It is believed that
the effects of melatonin on respiration are due to its ability to regulate the activity of
the respiratory enzymes.

Future research should focus on further elucidating the role of melatonin in
photosynthesis and respiration in plants. Understanding how melatonin impacts
these processes could provide valuable insights into the regulation of photosynthesis
and respiration in plants and how these processes are affected by environmental
factors. In addition, investigating the potential use of melatonin as a plant growth
regulator could potentially lead to the development of new strategies for improving
crop production.
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