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Abstract 

Wheat is grown in tropical and subtropical regions of the world that experience different biotic 

stresses. India’s wheat production is affected by heat stress on about 13.5 million ha Uttar Pradesh 

(UP) produce over 30% of India’s wheat production and about 14% of its rice production. Several 

agronomic traits are affected by heat stress conditions. Physiological and biochemical traits are 

controlled by multiple genes that affect heat tolerance. The CTD is dependent on many factors, 

including air temperature, humidity, soil conditions, and incident radiation. Using RWC, plants can 

be evaluated for their water status relative to their fully turgid state. In these conditions, however, 

plants often adapt osmotically, which maintains turgor pressure and makes the definition of 'full 

turgidity' difficult to determine. In wheat, chlorophyll content is related to heat tolerance and stay-

green traits. The chlorophyll estimation will determine the relative amount of chlorophyll in the plant 

and absorbance will be measured at 663nm and 645nm, as well as other traits. GFD in bread wheat 

refers to the period of time between an thesis and physiological maturity. HSPs are a family of 

proteins that play a crucial role in protecting plants from heat stress by preventing the aggregation 

and denaturation of other proteins in the plant cell. 

Keywords - Relative water content (RWC), Chlorophyll content, Canopy temperature (CTD), Grain filling duration 

(GFD), Heat shock protein (HSP). 

 

1. Introduction 

Wheat (Triticum aestivum L.) is India's second-most 

significant food crop, after rice (Gupta et al., 2008). A winter 

crop is wheat, and India ranks second in production 

worldwide.  Heat & cold stress have a negative impact on 

crop germination, growth, and development. Wheat 

production can be significantly reduced under certain 

conditions such as terminal heat stress during grain formation 

or when grown under late sowing conditions in certain 

regions like India and the Mediterranean. These challenges 

can affect the overall productivity and quality of the wheat 

crop (Tewolde et al., 2006). Wheat is grown in almost every 

continent and is traded globally, making it an important 

commodity. The production of wheat is influenced by 

various factors, including weather patterns, soil fertility, 

disease and pest infestations. Efforts are being made to 

improve wheat production and ensure its sustainability 

(Chaves et al., 2013). Generally, heat tolerance refers to a 

plant's capacity to survive and make a profit in an 

environment with a variety of biotic challenges. (Rahaie et 

al., 2013).  

Wheat is grown in tropical and subtropical regions of the 

world that experience different biotic stresses. In this regard, 

even related species and even various tissues and organs 

within the same species may differ greatly from one another 

(Rodriguez et al., 2005 & Wang et. al., 2004). India’s wheat 

production is affected by heat stress on about 13.5 million ha 

(Joshi et al., 2007) Uttar Pradesh (UP) produce over 30% of 

India’s wheat production and about 14% of its rice 

production. UP and Rajasthan have both had relatively large 

climate impact on wheat since 1980, with 0.87℃ and 0.52℃ 

(Jennifer & Ramanathan et al., 2014). 

The harmful impacts of high temperature during reproductive 

stages can be aggravated, leading to reduced grain yield. 

(Hatfield et al., 2011). Given these challenges, breeding heat-

tolerant wheat genotypes is necessary for sustainable wheat 

production (Asseng et al., 2011). These genotypes can 
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withstand high temperatures during reproductive stages and 

maintain grain yield even in adverse climatic conditions. It 

appears that certain components can help crops withstand 

osmotic stress caused by high temperatures (HT). These 

components act as osmoprotectants, meaning they protect the 

plant by helping it maintain its water balance and prevent 

dehydration (Rivero et al., 2014 and sattar et al., 2020). Heat 

tolerance genes in wheat are one of the major focus areas for 

developing future heat tolerance strategies. The new crop 

varieties will have to be adapted to the future climate by 

improving heat tolerance and responding to prominent 

temperature (Halford et al., 2009). A wheat's terminal heat 
tolerance is useful in screening it. The purpose of these 

screening techniques is to simulate the effects of heat stress 

in the target environment. 

Physiological changes induced by heat stress which cause 

leaf senescence in winter season (Dhyani et al., 2013, 

Almeselmani et al., 2011). Under heat stress, plants respond 

in a variety of morphological, physiological, biochemical, 

and molecular ways. Wheat is morphologically adapted to 

heat stress in a number of ways, including enhancing 

germination capacity, vegetative development, leaf rolling 

and folding, and delaying early leaf senescence. Under heat 

stress, early maturation may also be an avoidance mechanism 

(Adams et al., 2001). The synthesis of stress-related proteins 

can also be triggered by molecular changes such as altered 

gene expression and transcript accumulation (Iba et al., 
2002). Physiological and biochemical traits are controlled by 

multiple genes that affect heat tolerance (Maestri et al., 

2002). Physiological selection traits such as canopy 

temperature (CT) are ideal in many ways since they can be 

measured quickly, easily, and inexpensively (Cossani & 

Reynolds et al., 2012). A quantitative trait locus (QTL) has 

been identified in a mapping population where yield and stay 

green traits are correlated (Kumar et al., 2010; Vijayalakshmi 

et al., 2010). It has been reported that membrane thermo 

tolerance in wheat can result from both additive and 

dominant gene action (Dhanda & Munjal et al., 2012) as well 

as QTL with SSR markers (Ciuca & Petcu et al., 2009). 

Heat-tolerant cultivars have not been significantly affected 

by MAS (Tuberosa & Salvi et al., 2006; Ortiz et al., 2008). 

An investigation was made into the genotypes of Indian 

wheat's chlorophyll content, heat tolerance, and correlation to 

molecular markers.  

2. Mechanism of heat tolerance  

The physiological reactions of thermal and susceptible 

genotypes during different plant development stages, 

especially grain filling, can provide insight into heat 

tolerance mechanisms. Early maturity under high 

temperature is linked to lower yield losses in different plants, 

which indicates early maturity is a mechanism of escape 

(Adams et al., 2001). In different growth stages, plants 

experience a variety of environmental stresses and their 

mechanism of responding may vary based on the type of 

stress (Queitsch et al., 2000).  

Temperatures should be in the normal range of 18-22°C for 

higher yields.  In order for plants to mature at an early stage, 

high temperature must change their anatomy (Porter et al., 

2005). The high temp. causes cellular damage that may result 

in cell death. Injuries due to heat lead to protein denaturation. 

If the temperature is low, enzymes are inactive and protein 

synthesis is reduced (Howarth et al., 2005). There are a 

variety of ways in which plants can be affected by high 

temperatures, low temp. and high soil temp. Additionally, 

many crops are very sensitive to high temperatures (Anand et 

al., 2020).  

3. Morphological mechanisms  

3.1 Grain filling duration (GFD) 

GFD in bread wheat refers to the period of time between 

anthesis (the time at which the flowers of wheat plants open 

and pollination occurs) and physiological maturity. During 

this period, the grain accumulates dry matter, primarily in the 

form of starch and protein, which are important components 

of the wheat grain. Generally, the grain filling period in 

wheat ranges from about 30 to 45 days, with some varieties 

taking longer or shorter periods. Research studies have 

shown that the rate and GFD in bread wheat can have a 

significant impact on yield and quality. For example, longer 

GFD can lead to higher grain yields and better grain quality, 

while shorter periods can result in lower yields and poorer 

quality grain.  

Heat stress has been proven to have a significant negative 

impact on the quantity, weight and quality of wheat kernels 

(Mohammadi et al., 2012; Hutsch et al., 2019). Due to heat 

stress during anthesis and grain filling, grain yield drastically 

decreases (Semenov and Stratonovitch et al., 2015). Wheat's 

maturity period and grain filling time are both reduced by 

heat stress by up to 15%. (Ahamed et al., 2010). 

4. Physiological Mechanism: 

4.1. Canopy temperature (CTD) 

CT may well be an extraordinary trait for screening of 

tolerant genotypes (Mason et al., 2014). CT measurements 

will be taken after anthesis between 12:00 p.m. and 15:00 

p.m., through infrared thermometer placed under a clear, 

bright sky with no wind. Two readings were taken at 7-day 

intervals per plot and averaged. (Rehman et al., 2021). It 

seems that the describing a method for measuring the 

difference between the ambient air temp. and the canopy 

temperature, which is commonly referred to as the canopy-air 

temperature difference (CTD). When wheat is exposed to 

heat stress, CTD is critical in maintaining the physiological 

basis for grain yield. (Deva et al., 2020). The cool canopy is 

a significant principle for wheat’s ability to tolerate heat 

during grain filling. The CTD is dependent on many factors, 

including air temperature, humidity, soil conditions, and 

incident radiation. (Pinto et al., 2010). Wheat genotypes with 

a greater CTD have been found to have increased 

photosynthetic enzyme activity and greater leaf conductance 

(Sarkar et al., 2021).  

4.2. Relative water content (RWC) 

Using RWC, plants can be evaluated for their water status 

relative to their fully turgid state. In these conditions, 

however, plants often adapt osmotically, which maintains 

turgor pressure and makes the definition of 'full turgidity' 

difficult to determine (John et al., 2008). The RWC of a cell 

is a measure of its water state that has been linked to biotic 

and abiotic conditions such as heat stress. RWC and water 

potential are thought to be more desirable indicators of 

drought stress than other biochemical and physiological 

properties of the plants (Farooq et al., 2019 and Hussain et 

al., 2018). It can be utilized as an accurate predictor of 

drought resistance. 

4.3. Chlorophyll content  

In wheat, chl content is related to heat tolerance and stay-

green traits (Cao et al., 2015; Feng et al., 2014). A high chl 

conc. in wheat can be a criterion for selecting heat-resistant 

wheat (Munjal & Dhanda 2016; Ramya et al., 2014). A high 

chl conc. under thermal stress has a low photo inhibition 

(Choudhary et al., 2020; Talebi et al., 2011). A chl content 
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that is associated with transpiration efficiency can contribute 

to heat tolerance (Raynolds & Trethowan et al., 2007). The 

chlorophyll estimation will determine the relative amount of 

chlorophyll in the plant and absorbance will be measured at 

663nm and 645nm (Kamble et al., 2015). Several studies 

have successfully used chlorophyll content assessment to 

screen for heat-tolerant wheat genotypes. Heat-tolerant 

genotypes have been found to maintain high chlorophyll 

content. It is important to note that while chlorophyll 

estimation can provide valuable information about plant 

health, it should not be the sole method used to assess heat 

tolerance or any other plant trait.  

5. Biochemical mechanism 

5.1. Starch synthesis 

Starch synthesis is a complex process that plays a critical role 

in determining grain yield and quality in bread wheat. 

Terminal heat tolerance is an important trait in bread wheat, 

as high temperatures during grain filling can lead to reduced 

grain yield and quality. To improve terminal heat tolerance in 

bread wheat, researchers have focused on identifying genes 

that play a role in starch synthesis and that are also 

responsive to high temperatures. Overall, understanding the 

mechanisms of starch synthesis and how they are affected by 

high temperatures is critical for developing more resilient and 

productive bread wheat varieties that can withstand the 

challenges of a changing climate. 

Wheat grain contains a significant amount of starch, which 

accounts for 55% to 75% of its dry weight (Gillies et al., 

2012). The wheat grain produces two types of starch granules 

during the GFD (Zheng et al., 2014). As a result of 

amylopectin readily decreasing under high temperatures, 

starch is more heat sensitive than protein (Farooq et al., 

2011), thereby reducing starch content. During heat stress, 

wheat grain starch content reduces at a critical level, resulting 

in a reduction in kernel weight and diameter (Poudel & 

Poudel et al. 2020). Soluble starch synthase (SSS) is the 

enzyme responsible for starch synthesis. It is extremely heat-

sensitive. Wheat under heat stress loses SSS activity, which 

inhibits grain maturation and starch storage (Prakash et al., 

2004). 

5.2. Antioxidant response 

Thermal stress causes plants to accumulate antioxidants from 

different pathways (Bokszczanin & Fragkostefanakis et al., 

2013). Wheat's antioxidant defense systems are classified as 

enzymatic or non-enzymatic (Sattar et al., 2020). In addition 

to converting superoxide into H2O2, SOD is one of the most 

important antioxidants. In contrast, GPX, APX and CAT 

regulate ROS detoxification (Buttar et al., 2020). Superoxide 

dismutase, catalase, and ascorbate peroxidase activities are 

extenuated at 50°C, but they are initially enhanced at this 

temperature (Chakrabortty & Pradhan et al., 2011). In wheat, 

catalase and superoxide dismutase activities are capable of 

achieving thermo tolerance (Almeselmani et al., 2009) and 

demonstrate a strong relation with thermal stress during the 

reproductive stage (Zhao et al., 2007). 

Lower oxidative damage was typically maintained by 

tolerable genotypes due to their better antioxidant capability. 

(Slesak et al., 2007). Enzymatic activity increases and 

declines in oxidative damage have both been documented. 

Certain enzymes are activated to protect plants against 

oxidative damage. 

 

 

6. Molecular mechanism: 

6.1. Protein synthesis 

HSPs are a family of proteins that play a crucial role in 

protecting plants from heat stress by preventing the 

aggregation and denaturation of other proteins in the plant 

cell. They are induced in response to a variety of stressors, 

including high temperature, and can be found in various 

cellular compartments, such as the cytoplasm, nucleus, and 

mitochondria (Feder et al., 2006). In wheat, exposure to heat 

stress can induce the synthesis of HSPs, which can help 

protect the plant from the negative effects of high 

temperatures. SIPs, which are a type of HSP, are also 

induced in response to heat stress and can help protect plants 

from oxidative stress and other forms of cellular damage 

caused by high temperatures. Overall, the induction of HSPs 

and SIPs is an important defense mechanism employed by 

plants to protect themselves from the negative effects of heat 

stress.  In plant cells, chloroplasts are one of the major sites 

of heat stress response, and studies have shown that under 

heat stress conditions, many chloroplast HSPs are 

translocated from the stroma to the thylakoid membranes, 

where they are involved in protecting and stabilizing 

membrane-bound proteins such as the photosynthetic 

complexes (Bernfur et al., 2017). This membrane association 

of HSPs is crucial for their protective function under heat 

stress. By associating with thylakoid membranes, HSPs can 

prevent protein denaturation, maintain membrane integrity, 

and help to restore normal photosynthetic function. 

Therefore, understanding the dynamics of HSPs in relation to 

membrane association is an important aspect of elucidating 

their role in heat stress adaptation. 

Wheat plants exposed to high temperatures can experience 

protein unfolding and aggregation in both the endoplasmic 

reticulum (ER) and the cytosol. Kataoka et al. (2017), Sun 

and Guo et al., (2016) studied the effect of heat stress on 

wheat leaves and observed similar results. They found that 

the heat stress induced the production of ROS, which in turn 

led to protein unfolding and aggregation in both the ER and 

cytosol. Overall, these studies demonstrate the importance of 

ROS regulation mechanisms in protecting proteins from heat 

stress-induced damage in wheat plants. 

6.2. Omics approaches 

Among the major components of omics are genomics, 

transcriptomics, metabolomics & proteomics. In wheat 

plants, several genes containing genomic DNA are involved 

in heat stress tolerance (Deshmukh et al., 2014). According 

to the study by Yeh et al. (2012), genomic screening and 

genome expression studies have determined the role of genes 

in wheat heat tolerance. Through these methods, the 

researchers were able to identify a number of heat-responsive 

genes in wheat, including those involved in stress signaling, 

heat shock proteins, and genes involved in photosynthesis 

and carbohydrate metabolism. The researchers also identified 

several QTLs associated with heat tolerance, which could be 

useful in breeding programs aimed at improving wheat's 

ability to tolerate high temperatures. Overall, the study by 

Yeh et al., (2012) highlights the importance of genetic 

factors in wheat heat tolerance, and provides valuable 

insights into the molecular mechanisms underlying this trait.  

A transcriptome is produced by mRNA of heat tolerance 

genes; a proteome is produced by translating the mRNAs into 

functional proteins. These small RNAs are processed from 

longer RNA molecules and can target messenger RNAs 

(mRNAs) for degradation or translational repression. Wheat 

heat tolerance mechanisms can be better understood by 

studying microRNAs and micromics (Chinnusamy et al., 



April-June 2023, Volume -8, No.-02        ISSN-2455-8729 (E), 2231-3613 (P)     SJIF 2023-7.286 CIJE Quarterly/52-57 
Anjali Tripathi 

Deepika Raghuvanshi 

Aarushi Vedi 

Girish Chandra Pandey 

 
55 

 

2007). A metabolicomics approach can be used to phenotype 

genetically modified plants as well as to test for similarity, 

determine gene functions, and observe responses to biotic 

and abiotic stresses (Abdelrahman et al., 2020). Plant 

metabolites can be altered under heat stress based on 

metabolomics studies (Roessner and Bowne et al., 2009). 

Conclusion 

Wheat is suffering from heat stress more frequently due to 

high temperatures across the globe. With global temperatures 

rising due to climate change, heat stress is becoming more 

frequent and severe, making it a significant concern for 

wheat farmers worldwide. Heat stress can impact wheat in 

several ways. Heat stress can also affect the quality of wheat 

grain, leading to changes in the composition of proteins and 

other nutrients. To address this issue, researchers and farmers 

are working to develop and implement heat-tolerant wheat 

varieties that can withstand high temperatures and maintain 

productivity under stressful conditions. One of the main 

issues with wheat production worldwide is heat stress. In 

order to create wheat varieties that are both thermo tolerant 

and high yielding, it is important to thoroughly comprehend 

the various metabolic and developmental processes that 

plants use to cope with heat stress. Morpho-physiological 

bases of heat tolerance, this refers to the physical and 

structural features of an organism that help it tolerate high 

temperatures. For example, plants may have smaller leaves or 

thicker cell walls to reduce water loss and prevent damage 

from heat. Biochemical bases of heat tolerance, this refers to 

the chemical processes that occur within an organism that 

help it cope with high temperatures. Molecular bases of heat 

tolerance, this refers to the genetic and molecular 

mechanisms that allow an organism to survive and thrive in 

high-temperature environments. For example, some 

organisms may have genes that enable them to repair DNA 

damage caused by heat. Heat stress, this refers to the negative 

effects that high temperatures can have on organisms, such as 

reduced growth or reproduction, or even death. Heat stress 

can result from a variety of factors, including exposure to 

high temperatures for prolonged periods of time, inadequate 

water or nutrients, or exposure to other environmental 

stressors. 

It is commonly recognized that molecular analysis could 

support increasing economic crop output, but wheat under 

heat stress must have its full potential yield expression 

estimated at the field level. It is necessary to combine several 

agronomic alternatives with biochemical and molecular 

methods in order to examine the true impact of heat stress at 

the field level.  
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