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Extended Abstract

Introduction

Climate change has become one of the most important challenges facing agriculture and global foc&curity in recent
decades. Rising air temperatures, changes in precipitation patterns, frequent droughts, anidyheat waves have seriously
affected the growth and yield of many crop plants. Among environmental stresses, heat stress\ is one of the major
limiting factors of crop production; by disrupting physiological and bioghemical processa%plants, it leads to yield
reduction, especially during sensitive developmental stages such as flowering and grain filling. Heat and drought
stresses impose several adverse consequences on plant physiological parameters,%gcially photosynthetic efficiency
and accelerated leaf senescence. However, in determining the finalcrop yield, the most critical effects reported include
reduced grain number when heat stress occurs at or around pollination, stages, as well as reduced grain weight due to
stress exposure during the grain filling period. Heat stfess is pagticulatrly important during critical growth stages such
as flowering, pollination, and grain formation, as high temperature&w’ng these stages can reduce pollen viability,
disrupt fertilization, and reduce grain number and weight.qln m%g:‘rops, éspecially cereals, increased temperatures
during grain filling shorten this stage, resulting in reduced accumtlation of photosynthetic materials in the grain,
which ultimately leads to reduced yield.

Materials and Methods

This study was conducted as a review articlehwith the aim of investigating the effects of heat stress on growth,
physiological characteristics, and yield ‘ofierop ‘plants, in the period from 1990 to 2026. To collect information, a
systematic search @fscientifie,resources was-.conducted in reputable international and domestic databases. Among the
databases used are Web of Science, Scopus, ScienceDirect, SpringerLink, and Google Scholar. Also, in order to access
Persian resourcespSID and Magiran,databases were\also examined.

Results andDiscussion

The results indicate thatstemperatures above the optimal growth range reduce grain formation and filling through
enzyme denatasation, decreased photosynthesis, increased respiration, damage to cell membranes, reduced
chlorophyll stability, and"disruption of pollination. The simultaneous occurrence of heat and drought stress causes
more severe eff& leading to reductions in growth, leaf area, and yield. Plants respond to these stresses through
mechanismsisuch as activation of antioxidant systems, accumulation of osmolytes, and regulation of hormones such
as abscisic acidhand salicylic acid. The application of compounds such as salicylic acid, humic acid, brassinolide,
brassinosteroids, and others, along with management strategies including breeding and use of heat-tolerant cultivars,
adjustment of sowing dates, and optimal irrigation and nutrient management, can be effective in enhancing heat
tolerance and maintaining production stability under climate change conditions.

Conclusion

Heat stress, as one of the key consequences of climate change, disrupts the carbon balance in crop plants and reduces
total biomass by disrupting the photosynthetic electron transport chain, weakening stomatal conductance, and
increasing the rate of dark respiration. The findings of this review study confirm that stress at sensitive reproductive
stages (such as pollination and grain filling) directly reduces yield and yield components by inducing pollen sterility
and reducing the grain filling period. On the other hand, plant physiological responses to temperatures beyond the



optimal threshold are associated with the production of reactive oxygen species (ROS) and oxidative damage in
membranes, the modulation of which requires the stimulation of the antioxidant defense system and the accumulation
of compatible osmolytes such as proline. In addition, the inhibition of morphological indices of root and shoot growth
under high temperatures further limits the potential for water and nutrient uptake. In this regard, the findings showed
that new management approaches, including optimizing planting dates to deviate from heat peaks, along with
exogenous and foliar application of physiological modifiers such as salicylic acid and humic acid, have high potential
in improving growth indices and ultimately moderating the destructive effects of heat stress in climate change
scenarios by improving the stability of photosynthetic pigments and enhancing the secr‘n of scavenger enzymes.
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Table 2. Strategies for reducing the adverse effects of high-temperature stress in different crop species
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(Chhabra et al., Increase content Grain hours 1 umolar/liter Brassinolide  Brassica iuncea
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Fig 1. Variation in grain number per unit area (grains m?) as a function of the photothermal quotient (MJ

m~2 day™ °C™) during the period from flag leaf sheath swelling to anthesis under clay-loam and loam—sandy
soil conditions (Abhari, 2023)
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Fig 2. Changes in grain yield (g m?) as a function of the photothermal quotient (MJ m™ day* °C™) from the
booting stage to anthesis under clay-loam and loam-sandy; soil cwions (Abhari, 2023)
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Table 3. Breeding strategies to improve tolerance to high-temperature stress in different crop species

&l B
References Strategy
\ Considerable genetic variation was observed for the
traits speed and grain filling period, while variation in
’ Garatuza%yan etal., 2018) grain filling period length among cultivars at high

temperatures was relatively limited. These two
independent traits can be used in breeding programs as
criteria for selecting heat-stress tolerant cultivars

Using the expression of heat shock proteins to prevent
(Baniwal et al., 2004) the abnormalization of intracellular proteins, and help
maintain their stability and proper function
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Table 4. Reduction in root and shoot length caused by heat stress

. \Decrease in o Duration of heat
Plant species \ length T°C stress treatment References
4 0 o
Hordeutvulodie 26% | 34°C 12 days Naz et al., 2022
Oryza sa;'x 12% ] 42°C 5 days Sailaja et al., 2014
Zea mays 35.42% | 36°C 8 days Xia et al., 2021
Solanum Iycopersicum 48.07% | 40°C 4 weeks Guo et al., 2022
Arabidopsis thaliana 55% | 30°C 10 days Yang et al., 2017
Shoot length
o o
Hordeum vulgare 14% | 34°C 12 days Naz et al., 2022
Oryza sativa 14% | 42°C 5 days Sailaja et al., 2014

Zea mays 6.4%-8.8% | 38°C 15 days Hussain et al., 2016




Solanum lycopersicum 59.1% | 40°C 4 weeks Guo et al., 2022

Arabidopsis thaliana 5-10% | 28°C 10 days Ibafiez et al., 2017

S il 4y Led TOC aiiie aie &l i soias (Lis () Gl 4 5, sloyils

Arrows heads down () represent negative changes. T°C, temperature in Celsius.

u

i Shoot length
~20%

Shoot fresh

Shoot dry
‘ weight
~34%

weight ‘
~14%
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ss on root and shoot growth parameters. This figure presents species-averaged data
of heat stress on various crop species, as detailed in Tables 2-4. Red wavy lines indicate
in temperature; Bold black arrows represent the reduction of growth parameters
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