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Abstract 

Second only to rice as the primary crop for human nourishment, wheat is a significant cereal. The main abiotic stresses that cause significant 

cellular damage in plant species, including crop plants, are heat, drought, cold, and salinity. These together can cause a significant loss in 

productivity of wheat. As the predicted increase in global temperature is supposed to jeopardize production, wheat improvement towards 

heat stress-resilience has gained pivotal importance. Heat stress has a severe negative impact on wheat throughout both the vegetative and 

reproductive stages; the latter is referred to as terminal heat stress. The creation of wheat genotypes with increased heat tolerance through the 

fusion of various methods requires rapid attention. Screening of existing genotypes and understanding the variability in these genotypes are 

the initial task for the breeders to develop heat tolerant wheat. The screening process is made more challenging by the quantitative 

complexity of heat stress tolerance and environment-sensitive morphological features. So, physico-biochemical approach is more reliable to 

achieve heat tolerance in wheat. To determine how different physiological characteristics affect heat tolerance, such as better photosynthetic 

rates, staying green, chlorophyll content (Chl), chlorophyll fluorescence (CFL), membrane thermostability, etc., can be researched. The 

physiological breeding technique tries to combine features related to all yield determinants to have a genetic effect on production that is 

cumulative. This review goes into great detail about characteristics for which there is plausible evidence of being heat adaptable. 
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Introduction 

Wheat (Triticum spp.), one of the most significant grain 

crops, contributes to 50% of the global grain industry and 

about 30% of grain production worldwide (Akter et al. 

2017) [1]. A staple crop in more than 40 countries 

worldwide, wheat provides 85% and 82% of the world's 

population with their daily protein and calories, respectively 

(Sharma et al. 2019; Chaves et al. 2013) [4, 5]. Wheat 

originated in South-Western Asia, but because of its vast 

adaptability, it may be produced in a variety of agro-

climatic zones, including tropical, subtropical, and 

temperate zones. With a total area under wheat cultivation 

of close to 31.5 million hectares, India is the second-largest 

producer of wheat in the world. Periodic heat stress or 

continuous stress are considered to be a big risk to wheat, 

especially in subtropical areas, under all the conditions, 

notably abiotic factors, generating stress and restricting 

wheat productivity (Reynolds et al. 2016) [2]. Drought is 

another significant abiotic factor that negatively affects 

wheat synthesis in many parts of the world (Lesk et al. 

2016; Liu et al. 2016) [6, 7]. Due to the high temperatures, 

heat stress in wheat is becoming more commonplace 

worldwide. Heat stress has a severe negative impact on 

wheat throughout both the vegetative and reproductive 

stages; the latter is referred to as terminal heat stress. 

Reduced grain yield is the result of the significant impacts 

of heat stress on grain setting time and rate. However, the 

influence of heat stress on grain yield depends on when it 

occurs, how long it lasts, and how intense it is (Pandey et al. 

2019) [3] The Intergovernmental Panel on Climate Change 

(IPCC) estimated that by 2025 and 2100, respectively, 

temperatures will rise by around 0.3 and 1 degrees Celsius. 

13.5 million hectares of wheat in India were impacted by 

heat stress overall (Joshi et al. 2007) [8]. High temperatures 

have an impact on a variety of physiological, biological, and 

biochemical processes in wheat (Asseng et al. 2015) [9]. 

Poor seed germination, shorter grain filling times, fewer 

grains, deactivation of the Rubisco enzyme, decreased 

photosynthetic capacity, slowed assimilate translocation 

rates, early leaf senescence, decreased chlorophyll content, 

and ultimately decreased yield are all effects of heat stress 

(HS) in wheat (Hossain et al. 2013; Din et al. 2010) [10, 11]. 

HS also affects the protein and starch content of grains. 

According to Mishra et al. 2011 [12] and Mittler et al. 2011 
[13], HS cause the emergence of reactive oxygen species 

(ROS), which impact membrane integrity as well as lipid 

peroxidation, protein oxidation, and nucleic acid damage. 

However, in order to prevent the injury and damage caused 

by HS, wheat has evolved many tolerance mechanisms to 

ensure its survival and growth. Heat shock proteins (HSPs) 

maintain proper protein folding, refolding, and synthesis 

while also degrading protein aggregates (Sharma et al. 

2019; Hasanuzzaman et al. 2013; Tripp et al. 2009) [4, 14, 15]. 

The antioxidative defense system detoxifies accumulated 

ROS using several enzymatic and non-enzymatic 

antioxidants (Sharma et al. 2012) [113]. Heat tolerance in 

wheat is connected with characteristics such as stay green 

(SG), chlorophyll fluorescence, and canopy temperature 
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(Pandey et al. 2019) [3], high membrane thermo stability 

(Blum 1988) [16]. There is a lot of room for improvement in 

heat tolerance because many of the qualities that have been 

linked to it are heritable, additive in nature, and exhibit 

continuous variation (Tuberosa and Salvi 2006) [17]. 

Previously discussed physiological features may be 

incorporated into breeding plans to help with the selection 

of parents, generational segregation, or advanced lines who 

can tolerate heat. The development of wheat cultivars 

resistant to heat stress in general and terminal heat stress in 

particular requires a methodical approach. To create 

effective plant varieties for various climatic situations, 

breeders must first screen the existing gene pool and 

investigate untapped genetic diversity (Khodadadi et al. 

2011) [18]. The screening process is more challenging with 

environment-sensitive morphological features due to the 

unpredictable nature of heat stress in the field and the 

complex quantitative nature of heat stress resistance (Hays 

et al. 2007; Yang et al. 2002) [19, 20] Therefore, a trustworthy 

physic biochemical approach may be required for a rigorous 

assessment to obtain wheat heat tolerance. Here, we will 

focus mostly on studying the physiological characteristics of 

wheat at various phases when there is a lack of water and 

high temperatures, and we'll try to figure out how to best 

take advantage of this situation to increase plant 

productivity and yield. 

 

Impact of heat stress on crop plants 

Several reports (Hasanuzzaman et al. 2013; Chaudhary et 

al. 2020) [14, 111] explain many adverse effects of heat stress 

on plant development that impact plant phenology, 

reproduction, physiology, metabolism, and ultimately 

economic yield (Wahid et al. 2007) [22]. In this review we 

will discuss the effect of terminal heat stress in 

physiological process of wheat. 

 

Impact on physiological processes 

Photosynthesis, respiration and translocation of metabolites 

within the plants can be severely affected by heat stress in 

plant. The sensitivity of Photo System II of various crops to 

high temperature has been reported in several crops. D1 

proteins of the electron transport chain is highly sensitive to 

extreme temperature (Li et al. 2020) [23]. High temperature 

affects both electron transport and CO2 fixation processes 

of photosynthesis. High temperatures have been shown to 

both increase photorespiration and significantly diminish the 

activity of calvin cycle enzymes including RuBisCo and 

RuBisCo activase (Hanumantha et al. 2016; Bindumadhava 

et al. 2018) [24, 25]. In crop plants, it can hasten leaf 

senescence (Kim et al. 2020) [26]. Leaf senescence is a 

common result in heat stressed plants due to degradation of 

chlorophyll. Tissue degenerating elements within plant cell 

such as reactive oxygen species (ROS) get activated due to 

high temperatures (Asthir 2015; Hassan et al. 2021) [27, 28]. 

This is one of the reasons for stress-induced senescence of 

plant parts. Hence, stay green trait has been proposed as 

selection criteria for many crops (Kamal et al. 2019) [29]. 

High temperatures change the biochemical makeup of 

growing grains, which can have a negative impact on grain 

quality (Akter and Rafiqul 2017) [1]. According to reports on 

high-temperature tolerance in crop plants (Hasanuzzaman et 

al. 2013; Asthir 2015; Hassan et al. 2021) [14, 27, 28], changes 

in phenology, anatomy, morphology, metabolism, and 

physiology of plants ,whether inherent or induced, can help 

plants escape, avoid, or only temporarily tolerate high-

temperature stress at the whole-plant level, organ level or at 

the cellular level. As the main agent of energy loss, 

transpiration serves as a crucial mechanism for heat 

avoidance (Seginer 1994) [30]. Generally speaking, when 

ambient temperatures rise, so does the transpiration rate, 

which impacts both evaporation and vapour pressure deficit 

(VPD). As seen in high-temperature resistant wheat 

cultivars, the ability to maintain high stomatal conductance 

at extreme temperatures aids in transpirational heat 

dissipation. The capacity to withstand high temperatures is 

linked to ROS scavenging mechanisms, increased 

photosynthetic apparatus tolerance, and the preservation of 

membrane stability (Hemantaranjan et al. 2014; Das and 

Roychoudhury 2014; Nadeem et al. 2018) [31, 32, 33]. 

Increased production and recycling of antioxidants and heat 

shock proteins, which can defend cell organelles and 

important enzymes, have been linked to biochemical 

changes (Hasanuzzaman et al. 2013) [14]. 

Numerous physiological characteristics related to wheat's 

ability to withstand heat are listed below: 

 

Stay green 

Vacuolar collapse, cellular homeostasis, and loss of plasma 

membrane integrity are some of the structural changes that 

occur in the chloroplast during leaf senescence (Lim et al. 

2007; Khanna and Chopra 2012) [34, 35]. Leaf senescence is 

increased in plants that experience significant heat stress 

throughout their development (Haque et al. 2014) [36]. In 

order to maintain photosynthesis, stay green genotypes 

postpone the expression of senescence-related genes (Lim et 

al. 2007) [34]. Stay green has been identified as a key of 

morpho-physiological feature for heat tolerance in wheat. 

When an abiotic stress occurs it helps plants in keeping their 

leaves in an active photosynthetic condition (Rosenow DT 

1983) [37]. According to the research conducted by 

Vijayalakshmi and her team, while maintaining greenness is 

thought to be a stress response mechanism and chlorosis is a 

crucial component of planned senescence, there are 

tradeoffs between photosynthesis retained area and nitrogen 

remobilization of the developing grain. Stay green and high 

biomass accumulation together with stem water soluble 

carbohydrate accumulation are likely to affect final green 

output. According to Spano et al. 2003 [38] the stay green 

traits enable plants continue photosynthesis for a little while 

longer and keep leaves green. QTLs for the association 

between remaining green and yielding have been found in 

population mapping (Kumar et al. 2010; Vijayalakshmi et 

al. 2010) [39, 40]. According to Lim et al. 2007, when a leaf 

ages, the chloroplast initially experiences structural changes, 

followed by regulated vacuolar collapse, followed by the 

loss of integrity of the plasma membrane and disruption of 

cellular homeostasis. The association between stay green 

qualities and canopy temperature depression (CTD) was 

studied (Dolferus et al. 2011) [41]. They discovered that stay 

green genotypes had higher CTD (air temperature-canopy 

temperature) values under the heat stressed condition and 

therefore concluded that stay green is strongly related to 

CTD. Because of this, the stay green trait in wheat 

genotypes can be employed as a selection criterion when 
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exposed to heat stress (Huang et al. 2012) [42]. Stay green is 

a significant strategy for wheat's tolerance to heat stress 

since it enhances nitrogen remobilization to the ripening 

grains and conserves photosynthetic regions. 

 

Chlorophyll fluorescence 

In order to clarify many elements of the physiological status 

of photosynthesis in undamaged leaves of higher plants, 

chlorophyll fluorescence has proven to be a useful and non-

damaging instrument. The significance of chlorophyll 

fluorescence (CFL) in grain productivity under conditions of 

water stress has been recommended for selecting the wheat 

genotypes that are resistant to heat and drought. Considering 

that CFL is directly related to production genotypes with 

higher yield would have higher CFL values it is possible to 

use CFL to identify tolerant genotypes. CFL can indirectly 

predict photosynthetic efficiency in wheat genotypes. The 

role of CFL & Chl in relation to grain production under 

water stress has been suggested (Blum 1988; Blum et al. 

1989) [16, 44] and (Krause and Weis 1991) [45] for the 

selection of wheat plants for heat and drought tolerance. 

Fluorescence, which is mostly produced by PS II reaction 

centers using leaves with dark-adapted chloroplast, causes 

the reaction center to lose light energy. All of the electron 

transport channel's intermediate pools for oxidation or 

reduction revert to their starting concentrations. After an 

initial surge in light emission from PS II through 

fluorescence, which is followed by a series of slow 

oscillations, dark-adapted leaves emit light when lighted. 

The "Kauntsky effect" (Kautsky et al.1960) [46] refers to 

this. The ratio of the chlorophyll fluorescence variable yield 

(Fv/Fm), which evaluates photochemical efficiency and 

represents the efficiency of the light harvesting and electron 

transport mechanism within the chloroplast, is a requirement 

for photosynthesis. This varies in relation to the 

photochemical output of PS II. A decreased level of Fv/Fm 

on plants indicates biotic or abiotic stress (Spano 2003) [38]. 

The most delicate component of the photosynthetic system 

is regarded to be the PS II. The thylakoid is affected by high 

temperatures, especially PS II, can be shown by a sharp 

increase in basal fluorescence (Fo). 

This increase in basal fluorescence is attributed by Lootens 

et al. 2004 to a functional separation between the PSII 

reaction center and the LHCII. According to Hassan et al. 

2021 [28] heat stress reduced photosynthetic rate and resulted 

in a 26% fall in grain output. Heat stress significantly 

reduced the amount of chlorophyll fluorescence in wheat 

plants raised in controlled growth chambers. High 

temperatures have a negative effect on the photosynthetic 

processes. Balla et al. 2006 [48] found that following 

anthesis, the amount of N and chlorophyll in wheat flag 

leaves reduced, and at 14 days after anthesis, the net 

photosynthetic rate and excitation capture by open PS II 

reaction centres (Fv/Fm) started to decline. The effects of 

heat stress at 37 °C and 45 °C for 8 hours on the seedlings 

of Karacadag and Firat were examined by Banu et al. 2009 
[49]. Chlorophyll a fluorescence was used to study different 

wheat varieties. The maximal chlorophyll fluorescence (Fm) 

and the quantum efficiency of PSII open centers in a dark-

adapted condition (FV/FM) drastically decreased when Firat 

and Karacadag were heat treated. 

 

Canopy temperature depression (CTD) 

Reynolds et al. 2001 [50] and Araus et al. 2003 [51] used the 

canopy temperature depression (CTD), which is the 

difference between the temperature of the canopy (Tc) and 

the surrounding air (Ta), as a proxy for measuring 

transpiration and plant water status. Infrared thermometers 

(IRT) have been widely used to measure canopy 

temperature (CT) directly between the hours of 13:00 and 

14:30 without getting too close to the crop. Numerous 

physiological factors, including stomatal conductance, 

transpiration rate, plant water status, water use, leaf area 

index, and crop production, have been linked to CT, 

according to studies (Yousfi et al. 2019) [52]. The canopy 

temperature is an integrative aspect that, according to 

Berger et al. 2010 [53], indicates the plant's water status or 

the equilibrium established between root water uptake and 

shoot transpiration. Stomatal conductance reduces normal 

transpiration in conditions of strong solar radiation, dryness, 

and low soil moisture, which boosts canopy temperature 

(Rebetzke et al. 2013) [54]. Therefore, canopy temperature 

can be used to evaluate how well plant tolerate heat and 

drought. While the genetic variation in stomatal 

conductance under heat is linked to the cooler canopy, 

canopy temperature selection can help improve heat 

tolerance (Reynolds et al., 1994; 2007) [55]. According to 

research by Al-Ghzawi et al. 2018 [56], canopy temperature 

depression has been shown to be a quick and reliable test 

that may be used to choose wheat that is heat resistant. In a 

study on barley, Awika et al. 2017 [57] hypothesised that wax 

load affects plant canopy temperature and that there is a 

significant association between epicuticular leaf wax QTL 

and canopy temperature depression. Recent research reveals 

that during times of drought and heat stress, canopy 

temperature is connected to deeper roots (Lopes and 

Reynolds 2010) [58]. 

 

Chlorophyll content 

Chlorophyll is a pigment molecule that is crucial to 

photosynthesis. Since differing chlorophyll molecules in the 

light harvesting complex capture sunlight, chlorophyll 

concentration is a crucial determinant of how well plants 

respond to heat stress. Chlorophyll content and heat stress 

are tightly connected, and late-sown crops have much lower 

chlorophyll contents (Tewari 1990) [59]. Chlorophyll loss 

and heat-induced thylakoid damage are tightly related in 

winter wheat. Wheat thylakoids suffer damage from heat 

stress. Wheat high throughput screening for heat tolerance 

may benefit from measurements of chlorophyll 

concentration made with a chlorophyll metre (Ristic et al. 

2007) [60]. In regulated and heat-stressed plants, 

protochlorophyllide oxidoreductase (POR) concentration 

was found to be significantly lowered in response to light, 

according to Mohanty et al. 2006 [61]. Fokar (2006) [62] 

found a significant positive correlation between the rate of 

photosynthate stem reserves (PSR) and chlorophyll loss 

under heat stress across cultivars, suggesting that a high 

potential capacity for using stem reserves for grain filling 

may be connected with accelerated leaf senescence. 

According to Wang et al. 2008 [63], drought and ion toxicity 

can hasten the senescence of flag leaves, which lowers 

chlorophyll concentration and reduces photosynthetic 

activity. By boosting chlorophyllase activity and decreasing 
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the concentrations of photosynthetic pigment, heat stress 

reduces plant photosynthetic and respiratory activities 

(Todorov et al. 2003; Sharkey and Zhang 2010) [64, 65]. In 

their 2009 study of the physiological reactions of wheat 

cultivars to high shoot and root temperatures throughout the 

early growth stages, Tahir et al. 2009 [66] came to the 

conclusion that in most of the measuring dates, chlorophyll 

accumulation was greatly lowered by NS/HR but enhanced 

significantly by HS/HR. Under all temperature conditions, 

the heat-tolerant cultivar Fang always had the highest levels 

of chlorophyll, Phi PSII, and Pn (Net photosyntheric rate), 

whereas the heat-sensitive cultivar Siete Cerros always had 

the greatest drop in these characteristics. 

 

Photosynthesis and Gaseous exchange 

Understanding the function of plant response based on 

physiology for both that is drought and heat is crucial since 

photosynthesis is a process that is required for both plant 

growth and crop output. According to report, the main 

factors limiting photosynthetic rate are decreased 

photochemical efficiency of photosystem II, biochemical 

components related to triose-phosphate formation, reduced 

activity of the photosynthetic enzyme, and earlier stomata 

closure caused by drought-induced turgor loss (Pandey V. 

and Shukla A. 2015) [67]. One of the main effects of heat 

stress is the loss of photosynthesis brought on by the 

reduced growth of leaf surface area, impaired 

photosynthesis machinery, pre-maturity that brings on early 

leaf senescence, and concurrent drop in wheat production 

(Ashraf and Harris 2013; Mathur et al. 2014) [68, 69]. Because 

photosystem II is negatively impacted by high ambient 

temperatures, photosynthesis is susceptible to these 

conditions. The energy necessary for CO2 fixation can also 

be impacted by high temperatures (Dusenge et al. 2018). 

RUBisCo activase breakdown reduces photosynthetic 

capacity under heat stress (Raines CA 2011) [71]. The light 

harvesting complex II splits from the photosystem II as a 

result of HS, which also changes the fluidity of the 

thylakoid membrane (Iwai M et al. 2010) [72]. The plant's 

growth and development depend on the translocation of the 

photosynthetic product. The rate of assimilate translocation 

from source to sink is reduced under high temperature stress 

due to a loss in membrane integrity (Farooq et al. 2011) [73].  

 

Plant water relation 

Under changing ambient temperatures, plant water status is 

the most significant variable (Mazorra et al. 2002) [74]. 

When moisture is abundant, plants often maintain consistent 

tissue hydration status independent of temperature; but, 

when water is scarce, high temperatures severely hamper 

this tendency (Machado and Paulsen 2001) [75]. Under field 

conditions, water availability is typically correlated with 

severe temperature stress. Numerous variables, including 

water content, relative water content, water loss rate, 

succulence index, excised leaf water retention, and 

transpiration rate residue, can affect a plant's water relations. 

The most crucial indicator of dehydration tolerance is 

relative water content (RWC), which assesses the water 

status of plants and reflects metabolic activity in tissues. A 

reduction in RWC has been seen as a response to drought 

stress in a variety of plants (Allahverdiyev et al. 2015) [76]. 

As a result of increased transpiration and decreased osmotic 

potential in stressed leaves, dehydration tolerance is linked 

to several antioxidants that are activated in response to heat 

stress (Ahmad et al. 2010) [11]. In general, increased 

transpiration during the daytime causes water deficit in 

plants, resulting in a drop in water potential and the 

disruption of numerous physiological processes (Tsukaguchi 

et al. 2003) [78]. Heat stress increases the hydraulic 

conductivity of cell membranes and plant tissues due to an 

increase in aquaporin activity, and to a greater extent when 

the water's viscosity is lower (Martinez et al. 2009) [79]. 

 

Membrane thermo stability 

Despite the fact that resistance to high temperatures needs 

several complex tolerance and avoidance systems (Blum 

1988) [16], and despite the fact that membrane damage can 

be assessed by computing solute leakage from tissue, 

membranes are recognized as a key location of the 

physiological harm induced by heat. Thermostability of 

membranes has been discovered to be a heritable feature in 

1998 (Fokar et al. 1998) [80]. Membrane thermo-stability 

(MTS), which measures electrolyte leakage from leaf tissues 

following exposure to high temperature, was used to assess 

heat-induced damage to the plasma membrane. The outflow 

of electrolytes from damaged leaf tissue into an aqueous 

media can be used as an easy way to evaluate the amount of 

cellular membrane damage caused by temperature increase 

(Wahid et al. 2007; Govindaraj et al. 2018) [22, 82]. For 

determining sorghum and maize heat tolerance, C.Y. 

Sullivan developed this approach in the late 1960s 

(Govindaraj et al. 2018) [82]. In wheat (Bala et al. 2017; 

ElBasyoni et al. 2017) [83, 84], soybean (Srinivasan et al. 

1996) [85], maize (Naveed et al. 2016) [86] and chickpea 

(Kumar et al. 2013) [39], it has been regularly used to assess 

cellular thermo stability for heat. Wheat grain weight and 

membrane injury were shown to be positively correlated, 

indicating that membrane thermo-stability is a reliable 

predictor of HS tolerance (ElBasyoni et al. 2017) [84]. Based 

on the proportion of electrolyte leakage in the flag leaves of 

five different wheat varieties employed the membrane 

thermo stability test to identify wheat genotypes that are 

heat resistant. Eight wheat genotypes with different heat 

tolerance and sensitivity to high temperature stress were 

examined by Dhanda and Munjal (2009) [87]. According to 

the findings, choosing heat-tolerant inbred lines based on 

membrane thermo stability (MTS) in this material would be 

more successful. Plant breeders are sometimes unable to 

afford the time and labour required for massive replicates 

and measurement, which are necessary for success. 

 

Leaf area index 

The ratio of the total upper leaf surface of the vegetation 

divided by the area of the land on which the vegetation 

grows is known as the Leaf Area Index (LAI). LAI is a 

dimensionless number. 

In their study of the relationship between leaf area index and 

the pattern of photosynthetically active radiation 

interception in the profile of wheat canopies, Chinna and 

Kier (1997) [88] found that the leaf area index (LAI) value 

increased with crop age and that the upper half of the 

canopy captured more light than the lower half. According 

to Mishra (2002) [89], promptly seeded crops (November 22) 

showed better leaf area indices at various stages than late 

https://www.extensionjournal.com/
https://www.extensionjournal.com/


International Journal of Agriculture Extension and Social Development https://www.extensionjournal.com 

52 www.extensionjournal.com 

sown crops. The wheat variety PBW 343 in the timely 

seeded crop and the wheat variety UP 2425 in the late sown 

crop had the highest leaf area index at anthesis. At both the 

60 and 75 day stages of her experiment, Tripathi (2003) [90] 

found that November 28 seeded crops had greater leaf area 

indices than December 28 sown crops. Compared to a 

typical sown crop, a late-sown crop had a larger mean tilt 

angle and gap fraction. According to Nainwal (2007) [91], the 

crop harvested on November 28 had a greater leaf area 

index at 50 and 75 days following sowing than the crop 

harvested on December 20. However, after 50 and 75 days 

following planting, the mean tilt angel of the crop sown on 

December 20 was higher than that of the crop sown on 

November. 

 

Biochemical changes during heat stress 

Accumulation of osmolytes 

Numerous osmolytes, including as sugars (Such as 

mannitol, fructans, sorbitol, and trehalose), sugar alcohols 

(Such as polyols), polyamines (Such as putrescine), 

quaternary ammonium compounds (Such as glycine-

betaine), and amino acids (Such as proline) aid plants in 

adapting to osmotic stressor (Gepstein et al. 2005) [92]. 

Osmolyte modification has also been used to grow 

numerous transgenic plants that can withstand heat stress. It 

has been proposed that using the BADH gene to alter plants 

could increase their capacity to produce glycine-betaine, 

which has been linked to increased plant heat tolerance 

(Yang et al. 2005) [93]. Glycine-betaine overabundance has 

been demonstrated to increase osmotic adjustment and 

enhance the antioxidant defense system, which includes 

antioxidative enzymes and antioxidants, in transgenic wheat 

line T6, improving heat tolerance (Wang et al., 2010) [94]. In 

response to a variety of challenges, both biotic and abiotic, 

such as salt stress, water deficiency stress, and severe 

temperatures, free proline builds up in diverse plants. 

Proline's role is still unknown, but it is hypothesised that 

proline accumulation aids in the regulation of cytosolic 

osmotic pressure under stress, neutralises hydroxyl free 

radicals, protects protein structure and enzyme activity, and 

acts as a stress-related signal (Nanzo et al. 1999; Hasegava 

et al. 2000) [95, 96]. The functions of proline in osmotolerance 

in plants are still debatable despite several research in 

plants. Higher plants experience proline accumulation, 

which typically occurs in considerable amounts in response 

to environmental stress. It has been suggested that proline 

functions as a compatible solute that modifies cytoplasmic 

osmotic potential. As a result, proline can serve as a 

metabolic marker in relation to stress (Hare et al. 1999; 

Porgali and Yurekli 2005; Arshi et al. 2005) [97, 98, 99]. 

In response to salinity, heat and their cross-stresses, Song et 

al. 2005 investigated the germination growth of wheat 

(Triticum aestivum L.) seeds and changes in the levels of 

proline and protein as well as in the activity of key enzymes 

involved in proline metabolism. Their findings revealed that 

proline concentration marginally rose as water potential 

decreased. Vendruscolo et al. 2007 [101] and Patel and Vora 

(1985) [102] both noted higher proline levels in wheat plants 

during water stress. 

Proline levels increased in a number of stress situations, 

including salinity (Poustini et al. 2007) [103], cold (Charest 

and Phan 1990) [104], UV and high temperature (Tian and 

Lei 2007) [105], in wheat. 

Investigated the relationship between proline level and heat 

stress (The function of proline in protecting pollen from heat 

stress), and came to the conclusion that heat injury during 

floral development of sensitive genotypes may be caused by 

a decline in proline concentration during the early floral bud 

development stage and a reduction in the transportation of 

proline from anther walls to pollen. 

 

Heat stress verses oxidative stress and antioxidants 

One of the mechanisms of stress injury in plants is the 

generation and reaction of reactive oxygen species (ROS), 

which is why plants have evolved a variety of detoxification 

systems that break down the extremely toxic ROS. Plants 

use antioxidase enzymes like superoxide dismutase, 

ascorbate, peroxidase, glutathione reductase, and catalase to 

protect their cells from active oxygen radicals. 

The activated oxygen species (AOS) that are produced 

during high heat stress in plants include singlet oxygen 

(1O2), superoxide radical (O2), hydrogen peroxide (H2O2), 

and hydroxyl radical (OH). AOS is responsible for the 

autocatalytic peroxidation of pigments and lipids in 

membranes. Due to this, membrane semi-permeability is 

lost (Xu et al. 2006) [106]. In general, superoxide radicals are 

created in small amounts in microbodies in addition to the 

chloroplast and mitochondrion. Superoxide dismutase 

(SOD) scavenges oxygen to form H2O2, which is then 

eliminated by APX or CAT. Combination results in 

hydroxyl radical (OH-), which is created. O2 and H2O2 are 

significantly more poisonous than each other when 

produced by the Haber-Weiss reaction in the presence of 

trace levels of Fe2+ and Fe3+. This can destroy essential 

macromolecules including DNA, lipids, proteins, and 

chlorophyll, killing the plant (Sairam and Tyagi 2004) [107]. 

Plants can combat active oxygen species and shield cells 

from oxidative harm by creating a variety of enzymatic and 

non-enzymatic detoxification systems (Sairam and Tyagi 

2004) [107]. The elimination of H2O2, the oxidation of 

harmful reductants, and other physiological processes are all 

impacted by excessive SOD expression in plants. 

Free radicals are created by oxidation reactions, which can 

set off a chain reaction and harm cells. These chain 

reactions are stopped by antioxidants. They have the power 

to hinder or stop the oxidation of other molecules. A 

component of heat stress adaptation is the antioxidant 

defence mechanism. A group of closely related enzymes 

knew as super oxide dismutase (SODs) aid in the 

dissociation of the superoxide anion into oxygen and 

hydrogen peroxide (Bannister 1987) [108]. 

The ability to develop thermo tolerance in a group of wheat 

(Triticum aestivum) genotypes was associated with catalase 

and superoxide dismutase activity, a higher ascorbic acid 

content, and less oxidative damage (Sairam et al. 2000) [109]. 

According to Almeselmani et al. 2009 [81] tolerant cultivars 

have higher SOD activity levels than susceptible cultivars in 

terms of antioxidant enzyme activity. The peak SOD 

activity in the late-sown crop was seen 15 days after 

anthesis. At the vegetative stage, the lowest activity was 

seen. 

 

Conclusion 

Low heritability and the complex character of the major and 
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minor QTLs controlling them limit the effectiveness of 

direct selection for yield increase under stressful conditions 

(Manavalan et al. 2009) [110]. The influence of the 

environment, the complexity and lack of understanding of 

the genetic inheritance of high-temperature tolerance, and 

the scarcity of verified QTLs/cloned gene (s) are all 

obstacles to breeding for combination high yield and heat 

tolerance (Chaudhary et al. 2020) [21]. An ideal strategy for 

adding high-temperature tolerance gene(s)/QTLs is trait-

based breeding. In crop breeding programes, features such 

canopy structure, delayed senescence, photosynthetic 

efficiency, lower transpiration rates, resilience in 

reproductive traits, and the harvest index are utilized to 

select heat-tolerant accessions (Chaudhary et al. 2020) [21]. 

Selection for traits indirectly linked to yield, such as those 

conferring high-temperature adaptability, can also be used, 

as wheat has shown (Cossani and Reynolds 2012) [112]. In 

wheat and cotton, respectively, chlorophyll fluorescence and 

canopy temperature depression (CTD) characteristics 

influenced the ability to withstand high temperatures 

positively (Sharma et al. 2012) [113]. According to Gautam et 

al. 2015 [114], the cooler canopy temperature (CT) under HS 

increases wheat output. When wheat was under thermal 

stress, the CTD, flag leaf stomatal conductance, and 

photosynthetic rate were all positively correlated with yield 

(Fischer et al. 1998) [115]. When assessing genetic variability 

in various crops, membrane thermo stability has been 

proven to be a good feature for determining high-

temperature tolerance (Shanahan et al. 1990; Srinivasan et 

al. 1996) [116, 85]. Therefore, concentrating on a particular 

physiological feature while breeding is the best method to 

create genotypes for heat tolerance without reducing yield. 

In this review, we listed and examined all the physiological 

characteristics of wheat and other crops that are connected 

to heat tolerance and can be applied to the breeding of 

wheat. 
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