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Introduction: Heat stress is one of the most significant environmental stresses that
limit the growth, metabolism, and productivity of agricultural crops worldwide. As
global temperatures rise due to climate change, the intensity and frequency of hot and
dry days are increasing significantly. This phenomenon poses a serious threat to
agricultural productivity, as the simultaneous occurrence of drought and heat stress
adversely affects various agricultural characteristics. These include traits related to
growth and development, biomass accumulation, and overall yield. In this context,
various physiological traits such as leaf water content, canopy temperature, membrane
stability, chlorophyll content, stomatal conductance, chlorophyll fluorescence, and
photosynthesis are seriously disrupted. Understanding these impacts is crucial for
developing effective strategies to mitigate heat stress and enhance crop resilience.

Aims: The objective of this article is to investigate the effects, mechanisms of
tolerance, management, and control of heat stress in crop plants. This article is prepared
as a review of the literature and examines various strategies for coping with heat stress
in plants.

Materials and methods: This article is a review article that was obtained by searching
related articles in reliable sites (Google scholar, Web of science, PubMed, Scopus, SID)
and aims to investigate the effects, mechanisms tolerance, management and control of
heat stress has been prepared.

Results: Plants have developed a range of adaptive defense strategies to cope with heat
stress. These strategies include mechanisms for removing reactive oxygen species
(ROS), producing osmolytes, and modulating secondary metabolites and various
hormones. The survival of the plant under heat stress depends on its ability to perceive
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the stress, produce and transmit signals, and initiate appropriate physiological and
biochemical changes. For instance, changes in gene expression and metabolite
synthesis significantly improve plant tolerance to heat stress. Adaptation mechanisms
to heat stress include leaf curling, which reduces water loss, precocity, which allows
for earlier maturation, and the accumulation of osmotic protectors that help maintain
cellular integrity. Additionally, the activation of antioxidant defense mechanisms plays
a crucial role in mitigating oxidative damage caused by heat stress.

Discussion: Heat stress can be effectively mitigated through various agricultural
practices. These practices include selecting appropriate planting methods, choosing the
right planting date, selecting suitable cultivars that are more resilient to heat, and
implementing effective irrigation methods. Furthermore, the exogenous use of
protectants, such as osmotic protectors (e.g., proline, glycine betaine, trehalose),
phytohormones (e.g., abscisic acid, gibberellic acids, jasmonic acids), signaling
molecules (e.g., nitric oxide), polyamines (e.g., putrescine, spermidine, spermine),
trace elements (e.g., selenium, silicon), and essential nutrients (e.g., nitrogen,
phosphorus, potassium, calcium) has been shown to be effective in reducing the
damage caused by heat stress. These practices not only enhance plant resilience but
also contribute to maintaining agricultural productivity under changing climatic
conditions.

Conclusion: Molecular and biotechnological strategies are also crucial for developing
heat stress tolerance in plants. Advances in molecular biology have facilitated a better
understanding of the mechanisms underlying heat stress tolerance. Plants respond to
environmental stresses by modulating the expression of multiple genes and
coordinating gene expression in various ways. The expression of heat shock proteins
(HSPs) plays a vital role in protecting intracellular proteins from denaturation, thereby
maintaining their stability and function. By integrating molecular approaches with
traditional breeding techniques, researchers can develop crop varieties that are better
equipped to withstand heat stress. Overall, a comprehensive understanding of heat
stress mechanisms and effective management strategies is essential for ensuring
sustainable agricultural productivity in the face of climate change.
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