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Abstract

Climate change is one of the most important issues globally and one of the most
important obstacles facing sustainable development due to the phenomenon of
global warming, which has caused a rise in temperatures that poses a serious threat
to agricultural production all over the world, so heat stress reduces plant growth and
development by affecting the plants main metabolic pathways. Plants have different
mechanisms that humans and animals do not have, through which they can adapt and
withstand the type and degree of stress including morphological, physiological and
molecular mechanisms. At the field level, agricultural management such as soil
cover, planting date, water management and variety selection played an important
role in reducing the harmful effects of heat stress. External application such as
mineral nutrition, growth regulators and natural stimulants have shown beneficial
effects for plants growing under high temperatures due to improved growth and
plant defense system (antioxidants).
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Introduction

The reason for the increase in greenhouse gas
emissions is global warming, which has resulted in
an increase in the temperature of the earth surface,
scientists have considered this phenomenon a
global catastrophe due to its impact on all sectors
of life. Although we do not contribute as much to

the emission of greenhouse gases as industrialized

countries, however we are one of the countries that
have been severely affected by this phenomenon
through the agricultural sector due to the world
suffering from a scarcity of natural resources,
especially water with the expansion of saline
lands, this has increased and will increase with the

rise in temperature [1]. Heat is one of the most
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important abiotic environmental and its effects
lead to reflection on the growth, functions and
productivity of plants, This is because they are
organisms that are unable to leave the place where
they grow and many temperature-sensitive

reactions participate in their growth and
development as each type of agricultural crop has
an optimal temperature for carrying out its vital
processes and deviation from that temperature
leads to many physiological and biochemical
disorders such as denaturation of proteins and
lipids, the death of mitochondria and deterioration
of membranes and all of these effects lead to cell
starvation, reducing the flow of ions and producing
toxic compounds ROS [2] and [3]. As a result, heat
stress reduced the global yield of maize 7.4%,
wheat 6.0%, soybeans 3.1% and rice 3.2% [4] .The
article reviews the different effects of heat stress,
the role of morphological, physiological and
molecular mechanisms in plants to withstand this
stress, in addition to the role agricultural
management in increasing tolerance to stress under

climate change and increase in temperatures.

EFFECTS OF HEAT STRESS

When plants are exposed to any environmental
stress, including heat, their growth is affected to a
clear degree as it increases with increasing
temperature up to a certain point, then begins to
decline with rising temperature. This is a result of
the negative impact on many physiological
processes in the plant, leading to a shortened life
cycle and a decrease in its economic yield. This
depends on the intensity of the heat, the duration,
the type of crop and its sensitivity to heat [5] and
[6].

-Water relations: Heat stress leads to rapid loss of
water in the soil (drought) and reduced absorption

by plant roots [7], in addition to losing water from
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plant tissues and leaves due to increased
evaporation and then negatively cell metabolism
[8] and [9].
accelerated leaf senescence due to a decrease in the

linked to

Water deficiency also leads to
photosynthesis process, which is
chlorophyll content, membrane stability, and the
production of soluble substances such as glucose,
all of these factors affect osmotic adjustment in the
plant and water scarcity in the has been linked to
increased ROS production [10] and [11].

- Nutrient uptake: As a result of changing the
relationship between the source and the sink,
reducing the amount of hormones produced in the
roots, the concentration of nutrients in the plant
decreases [12]. This is due to the negative effect
on enzymes involved in nutrient metabolism such
as nitrate and ammonium [13]. Heat stress also
reduces the absorption of nutrients per unit area
due to the decrease in the biomass of the roots and
their surface hairs, carbon in the plant (non-
structural carbohydrates), and the decrease in its
transfer from the shoot to the roots, in addition to
the decrease in the production and functions of the
absorbed nutrient proteins [12] and [14].

- Photosynthesis: Photosynthesis is one of the most
sensitive physiological processes to heat stress, its
effect on C3 and C4 [15] and [16]. Many changes
occur in chloroplasts, such as damage to carbon
metabolism as a result of the closure of the stomata
which affects the concentration of carbon dioxide
between the cells, thylakoids reactions, grana
swelling and loss [17] and [18]. Therefore, the
photosystem 11 (PSIIl) decrease or stop, which in
turn has a negative effect on the pigments of the
photosynthesis process including chlorophyll as
chlorophyll a and b deteriorate rapidly, this
deterioration is associated with increased ROS
production [19] and [20]. Heat stress affects the

activity of various enzymes such as Rubisco by
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disrupting the electron transport chain, and
enzymes (Invertase, Phosphate Synthase and ADP-
glucose pyrophosphorylase), in turn the synthesis
of starch and sucrose decrease [21] and [3]. In
general, under heat stress it lead to an imbalance as
the

photorespiration increase, this is a result of a

rate  of photosynthesis reduce and
decrease in the rate of biochemical reactions [22],
All these changes varies between genotypes.

Under

increase to reach its maximum at temperature of

- Respiration: heat stress, respiration
40-50°C, after which respiration in the plant begin
to decrease due to damage to its mechanism, as a
result mitochondrial activities change [23] and
[17]. Increased respiration under heat stress is a
result of carbon loss, reduced ATP production and
increased ROS generation, in addition to
increasing the solubility of oxygen versus carbon
dioxide in plant leaves [24] and [25].

- Assimilate partitioning: Heat stress affects the
relationship between source and sink, this is a
result of the decrease in the process of
photosynthesis, its partitioning, and re-distribution
of carbon and nitrogen in the plant[26], these
negative changes have effects on protein and
starch metabolism in leaves, leading to a decrease
in yield and quality [15] and [27]. The period of
grain filling depends on the metabolic substances
formed in the leaves by photosynthesis and on the
water soluble carbohydrate solution stored in the
[28],

conditions, the grain filling rate depends on the

stem before anthesis under normal
carbohydrates stored in the stem by 30-40%, but

under different stresses, including heat and
inhibition of the photosynthesis, the percentage
increase to 70%. This is the main reason for the
variations between genotypes in grain weight

under heat stress [29] and [30].
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Under different

stresses, including heat, harmful ROS accumulate

- Reactive oxygen species:

in plants including H,O, ,OH-0, leading to
oxidative stress [31]. ROS are mainly generated
from the reaction centers of photosystem I and Il
from plant organelles such as chloroplasts
[32]. These
compounds at their natural level in the plant cell

,mitochondria and  ribosomes
have a positive role in regulating cell signals and
growth. Under the influence of different stresses
their synthesis must be reduced or their toxicity
eliminated. Plants have a defense system called
antioxidants,

among the damages of these

compounds is the destruction of cell walls
associated with increased production of OH™ in
addition to the oxidative damage caused by ROS
compounds to plasma membrane lipids as well as
to nucleic acids [16], also breakdown the
polymeric proteins into soluble forms, which leads
to early senescence and programmed cell death
[33] and [34].

- Plant growth and development: Heat affect seed
germination, which is the first developmental stage
in the life of a plant [35]. This is due to the
negative impact on the activity of various enzymes
responsible for starch breakdown in addition to the
impact on the synthesis of abscisic acid (ABA),
and on protein synthesis in seed embryos [36].

Under heat stress, cell size decrease leading to a
decrease in the growth rate and dry matter
productivity of various plants, heat stress causes
leaf burn, rolling, tips and drying, leaf senescence
and fall [37]. Heat causes phenology a shortened
of the plant life cycle, as an increase in
temperature (1-2°C) above the optimum level
leading to a decrease in final production as a result
of the pollen sterility and the number, size and

weight of kernels decrease [38] and [29].
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Heat tolerance mechanisms

The tolerance mechanism is known as the ability
of a growing plant under stress to grow, carry out
various functions and produce an economic yield,
it is a complex trait resulting from a very large
number of genes [37] and [39]. Plants have this
mechanisms that humans and animals do not have,
but it differs according to genus and type and
through it plants can adapt and tolerate the type
and degree of stress. Three mechanisms have been
identified for plants to tolerate heat stress [14]
which are:

- Morphological mechanisms: include avoidance,

phenotypic  flexibility and phenological
changes.

-Physiological  mechanisms:  include  water
relations, osmolyte accumulation, cell

membrane thermostability, hormonal changes
and secondary metabolites.
- Molecular mechanisms: include antioxidants and

heat shock proteins.

Morphological mechanisms
-Under  heat

morphological mechanisms that enable them to

stress, plants have different
protect themselves such as avoidance which is
represented by the ability of plants to carryout
metabolic processes in cells and tissues, and adapt
in the short term, or phenological and
morphological changes are long term [40]. Short
term mechanisms include plants having the ability
to reduce the absorption of solar radiation through
small hairs on the leaf blade, rolling leaf blade
parallel to the sun rays which is also increasing the
efficiency of the leaves use of water [41]. Intensive
transpiration which lowers the leaf temperature
thus reducing the harmful effects of heat stress.
However, the amount of transpiration in the plant

is determined by the size of the stomata and their
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number in a certain area of the leaf, as most plants
have a waxy layer (Cuticular) that covers the
leaves and stems of the plant. The thickness of this
layer often increases when plants grow in an
atmosphere containing low relative humidity, on
the opposite plants growing under high humidity
have a lower density of stomata than their
counterparts growing under low humidity. Plants
also have the ability to change the angle of the leaf
[42].

-Under heat stress, plants have variations similar to
water stress, called phenotypic flexibility, such as
the small size of plants due to the small size of the
cell [43], The stomata in plant leaves are the main
entrance for gas exchange, which constitute 1-2%
of the total leaf area and are the active part in the
transpiration process, as plants tend to close them
to reduce water loss. Plants have multiple leaf
modifications such as having small leaves, spines,
tendrils or a reduction in leaf area (small size)
which helps heat dissipate to the external
environment more quickly due to the lower air
resistance compared to plants with large leaves, in
addition to increasing the xylem vessels in the
increases the

roots and shoots. Heat stress

permeability of membranes and damages
mesophyll cells, which become rounded in shape,
stroma sheets become swollen, vacuole contents
accumulate, mitochondria become empty and there
is a change in the structure of thylakoids
organization, which greatly affects the process of
photosynthesis and respiration in plants [44] and [
14].

-Plants also have a set of phenological variations,
which are described as variations that occur during
the different stages of plant growth and affect the
grain yield [45], this depends on the nature of the
genotype and the extent of its sensitivity to heat

stress. In the vegetative growth stage, heat stress
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affects the gas exchange stage and the smaller the

size of gas exchange the smaller the
photosynthesis [15], While during the reproductive
stage, heat stress to accelerated anathesis and
abortion as a result of the negative effect on the
development of pollen grains and then a decrease
in seed production in addition to the effect of heat
on the period of grain filling, especially wheat crop
because of its effect on the quality of flour and

bread [46] and [16].

Physiological mechanisms
-Under heat stress, water status is the most
important variable as plants tend to maintain stable
tissue water status when moisture is available [47].
However, at high temperatures the water statue is
severely weakened because water is limited as a
result of increased transpiration during the day
compared to the night leading to disruption of
many physiological processes [48].

-Plants accumulation various compounds with
small molecular weights known as Osmolyte such
as sugars, proline and alcohols. These compounds
increase the survival of plants under different
stresses including heat, as they maintain plant
functions by adjusting Osmolyte to ensure stable
turgor of plant cells, removing the toxicity of ROS
and maintaining the effective synthesis of proteins
[49] and [50].

-Cell membranes and their functions are sensitive
to high temperatures, as they increase the kinetic
energy of molecules across membranes, weaken
chemical bonds within membrane weaken
chemical bonds within membrane molecules, and
change the composition of membrane proteins,
making the lipid layer of membranes more fluid as
a result of protein decomposition or an increase in
and thus

unsaturated fatty acids, increasing

membrane permeability and loss of electrolytes
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[51]. This depends on the age of the plant or tissue,
organ, growth stage, season and plant species, as
young leaves are more affected than mature leaves.
The relationship between CMT and crop vyield
under heat stress varies from plant to another, it
was found that the relationship was significant
between CMT and crop yield in Sorghum while no
relationship was found between CMT and yield
soybean and wheat [37].

-Under or without environmental stress, plant
hormones control all plant activities and functions.
It is known as a group of compounds that are
produced naturally within the cells and tissues of
different plants and in very small concentrations,
and differ in their chemical composition and
[52] [53],

metabolic processes provide the plant with energy

physiological function and while
and the requirements for growth and development
(carbohydrates, amino acids, proteins, etc.). Plant
hormones play an important role in controlling the
directions and speed of growth of the different
parts of the plant to ultimately give the final shape.
Under different stresses, including thermal stress
plant growth begins to slowdown with a decrease
in the rate of synthesis of growth — stimulating
hormones such as auxin, gibberellin, cytokinin and
an increase in the synthesis of growth — inhibiting
hormones such as abscisic acid and ethylene [54].
Factors internal to the plant and external to the soil
and climate are linked to the ABA synthesis
processes due to the stimulation of ethylene
synthesis genes and the enzymes associated with
it, ethylene synthesis increases which will lead to a
reduction in plant growth. However, due to the
action of ABA and its interaction with the action
of ethylene, the plant can continue to grow under
stress. Therefore, these hormones are called stress
hormones as they regulate various physiological

processes in the plant as they act as signaling
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molecules increasing the plants tolerance to heat
[14].

- Primary carbon metabolism produces compounds
known as secondary metabolites such as Phenolic
compound, Carotenoids and Isoprenoids, all of
which play important and different roles in plants
tolerance to heat stress as protecting the cell
structure, lipidic components of thylakoid, PS-I1I
and membranes from ROS damage [55] and [56].

Molecular mechanisms

- Antioxidants play an important and essential role
in protecting plants under different stresses,
including heat by preventing oxidation and
eliminating ROS compounds to achieve the
required balance in cell life [57]. Antioxidants are
of two types non enzymatic compounds such as
Ascorbate,  Glutathione, «-Tocopherol and
Carotenoids or enzymatic compounds such as
(SOD), Catalases and other enzymes [29].
However, these enzymes are sensitive to heat
because heat increases Malondialdehyde (MDA) in
plant leaves which in turn reduces the activity of
antioxidant enzymes, Heat tolerant varieties have a
stronger defense system compared to sensitive
varieties [58] and [14].

-Under heat stress, plants produce specific proteins
called heat shock proteins (hsps), It has different
groups called families depending on the molecular
weight and each of them has specific properties
and functions [59] and [60]. However, one of its
most important functions is to give the plant
tolerance to any high temperature that occurs after
its synthesis. Also, high temperature causes the
aggregation and denaturation of proteins which
leads to the death of plant cells, preventing the

aggregation of proteins and refolding [61].

LK.

Special Issue for the Researches of the 6™ Int. Sci. Conf.
for Creativity for 16-17 April 2025

Agricultural management

1.

Soil

maintaining optimal moisture, as it reduces

covering plays an important in

evaporation, improves water and nitrogen
efficiency [17].

The optimal planting date is very important for
crops under heat stress, as early or late
planting affects anthesis, grain filling, maturity
period and increase infection with pathogens
[62].

Water management is important in improving
crop production under heat stress, by irrigation
scheduling based on critical growth stage,
effective irrigation method and application of
irrigation based on soil moisture [14].
Selecting genotypes that are tolerant to climate
changes, including heat stress or planting
early-maturing varieties [63].

Increasing the mineral nutrition of the crop
such as nitrogen, potassium, magnesium,
manganese, boron and selenium which play an
important role in activating the physiological
and molecular processes in the plant. After
anthesis it improves

the grain protein,

cytokinin production, slows down ABA

synthesis, stimulates photosynthesis and
accumulation of metabolites [64] and [65].

Exogenous addition represented by growth
stimulants such as plant regulators and alpha-
tocopherol (vitamin E)... and others, and their
role lies in managing oxidation by regulating
ROS, and all these external additions increase
the activity of the defense system known as
antioxidants. While the endogenous addition
of calcium protects chlorophyll from being
destroyed by solar radiation, in addition to
affecting the function of the stomata and
activating the enzymatic antioxidants CAT,
SOD, APX the

and non-enzymatic
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antioxidants tocopherol and ascorbic acid and
as a result, the positive effect on tolerance to
various stresses including heat [66] and [67].

7. The use of natural stimulants such as amino
acids, microorganisms, plant extracts, seaweed
and inorganic materials plays a role in
regulating various plant processes [68].

8. Treating plants with Oxylipins short-chain
reactive represented by the C4-C6 group
which show high heat tolerance [69].

9. Stimulating the synthesis of heat shock
proteins (HSPs), one of the most important
functions of which is to give the plant the
ability to tolerance high temperature [70].

Conclusion

Plants are exposed in the environment in which
they grow to various types of abiotic stresses that
negatively affect their growth, development and
productivity, due to climate change heat has
become one of the most important environmental
stresses that limits agricultural production around
the world and a threat to food security. The effects
of heat stress on plants are complex in nature and
affect all stages of plant growth but the most
affected stage is the reproductive stage which is
represented by anthesis and grain filling, this is
due to the heat causing disturbance in water
relations in the leaves, the negative effects on
reactions,
the

photochemical and  biochemical

photosynthetic membranes, changes in
structure of tissues and cell organelles and the
production of reactive oxygen species. Plants have
three mechanisms that enable them to survive in
high temperature environments morphological,
physiological and molecular, crops plants use more
than one mechanism at a time to withstand high

temperatures, management proper of water and
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nutrient, foliar application of growth and natural
stimulants have helped reduce the negative impact
of heat stress. However, what molecular genetics
offers today in terms of transferring specific genes
from crop to another has opened new horizons in
breeding new varieties with better tolerance to
various stress factors such as high temperature,
and this is of great importance in achieving
between balancing future population growth and
food demand throughout the world.
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