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ABSTRACT 

Every plant has an optimum range of temperature in which it performs best and show maximum 

growth and development. In case of variation in temperature that leads towards adverse effects 

on plant performance called heat stress. It may be in the sense of low temperature or high 

temperature beyond the critical limit but high temperature considers major abiotic stress. There 

are numerous biochemical reactions in the plant that are sensitive to temperature fluctuation. 

Heat stress is a major environmental stress that negatively influenced the metabolism, growth, 

reproduction and ultimately yields of plant. The article reviews this effect on photosynthesis, 

physiological effects, seed yield, pollen quality and plant responses, adaptation and tolerance 

mechanisms to heat stress 

INTRODUCTION 

Heat stress can be defined as the deviation in temperature above the threshold level for a time 

period that causes irreversible damage to plant growth and development (Wahid, 2007). The 



better growth and functioning requires optimum environmental conditions or tolerance 

mechanisms for survival. The high temperature stress is a thoughtful threat for plant performance 

(Hall, 2001). The climate change directly or indirectly influenced on crop potential in respect to 

quality and quantity (Watanabe, T, &Kume, T, 2009; Shah et al., 2011). Among abiotic stresses 

temperature elevation takes as major factor to restrict plant growth (Hasanuzzaman et al., 2012). 

Many environmental researchers indicate the escalation in temperature during last 30 years 

(EPAA Student’s Guide, 2011). Many biochemical reactions that involve in growth and 

development are very sensitive to heat stress (Zróbek-sokolnik, 2012). Temperature stress also 

effect antioxidant enzyme activities and accumulate super oxides (O
2-

), hydroxyl radicals (OH
-
) 

and hydrogen peroxide (H
2
O

2
) known as reactive oxygen species (ROS) cause oxidative stress 

(Mittler, 2002; Yin, 2008; Suzuki, N, &Mittler, R, 2006; Hu, W, 2008) and reduce crop 

production.  On the other hand low temperature stress or chilling stress also destined to crop 

losses by ice crystal formation and badly effect the economy of a country (Xin, Z, & Browse, 

2000; Sanghera et al., 2011). Generally plants of tropical and subtropical regions are more 

sensitive to cold temperature and lack of tolerant mechanisms cold acclimation (Sanghera et al., 

2011). Different global exchange models foresee that emission of greenhouse gases, nitrous 

oxides, chlorofluorocarbons and methane gradually enhances the global temperature. In addition 

to greenhouse gasses, carbon di oxide (CO2) concentration also increases due to human activities 

and contaminate the environment (Kaufmann & Stern, 1997; Houghton et al., 2001; Stott et al., 

2001).Some researchers believe that day and night temperature don not have major influence on 

plants but the mean temperature alters the functions and responses (Peet and Willits, 1998). 

According to an estimated value the mean global temperature rise 0.3
o
C per decade (Jones et al., 

1999) causes global warming. It also leads towards changes in geographical distribution and 

growing periods of crops (Porter, 2005).  

With the passage of time the population increases in the earth and it becomes 10 billion per year 

by 2050 (Reddy, 2005) so need to enhance crop production and reduction of losses. The 

alteration in climate particularly in temperature has adverse effects on biological and 

physiological systems in different parts of the world (Beggs, 2004).Plant breeders develop 

response mechanisms in plants to adopt in changing environment and enhance yield and 

production (Reynolds et al., 2001). At very high temperature cell damage and cell death occurs 

within no time that pushes towards disastrous breakdown of tissue organization (Schoffl et al., 



1999). The inhibition of protein synthesis, protein degradation, inactivation of enzyme activities 

and loss of membrane stability is due to indirect heat stress (Howarth, 2005). It influences the 

arrangement of microtubules and elongation of spindle fibers of asters involve in mitotic cell 

division (Smertenko et al., 1997). In response to high temperature exposure plant develops the 

stress tolerance strategy (Iba, 2002) by altering gene expressions and accumulation of transcripts. 

In this contest the production of heat shock proteins (HSPs) is remarkable modification at 

molecular level (Feder and Hoffman, 1999). HSPs are the heat tolerance mechanism that 

improves photosynthesis and other biochemical reactions for plant survival in stress conditions. 

A plant develops variety of responses to avoid extreme temperature damage and ensure cellular 

homeostasis (Kotak et al., 2007). Many plant researchers stated that stress tolerance to high 

temperature or low can be enhanced by elevating antioxidant mechanism thus improves plant 

production (Almeselmani et al., 2006; Babu, N. R, &Devraj, V. R, 2008; Almeselmani et al., 

2009; Huang, M, &Guo, Z, 2005). 

HEAT STRESS THRESHOLD 

The mean temperature at which noticeable decrease in growth starts is referring as threshold 

temperature. The knowledge about threshold level is necessary to observe changes and for 

research on crop production. The level varies with plant species and its behavior to plants is not 

constant. High temperature stress is mostly a sensitive issue in the reduction of plant growth and 

development. There are numerous changes occur in plants in unfavorable temperature conditions 

at molecular level and inhibits proper functioning. Water loss is a major threat to plants in 

elevating temperature situations. High heat stress badly effect the grain filling stage that results 

the loss of yield by reducing size and weight of seeds (Siddique KHM, 1999). In addition to 

physiological changes, it also makes the plants susceptible to pathogen and disease attacks. 

High temperature at day reduces carbon dioxide (CO
2
) fixation that actually affects the rate of 

photosynthesis. It damages the photosystem II components present in thylakoid membranes and 

other chloroplast membranes that assist in energy conversion processes. Cell membrane 

thermostability prevents the plants from heat shocks and produce heat shock proteins (HSPs) that 

help to tolerate heat stress. A plant temperature is usually more than atmosphere temperature.  

HIGH TEMPERATURE STRESS 



Physiological effects 

Physiological processes of plants are sensitive to temperature changes and hence respond to 

climate changes. The capability of plant to handle high heat stress involves complex mechanisms 

and their genetic potential. In broad spectrum the stability of plants varies in different species 

with fluctuation of temperature from zero to 35
o
C (Zrobeksokolnik, 2012). The plants tolerate 

heat stress up to a limit and maintain their growth, respiration, enzyme activities and 

photosynthesis and beyond this level the decline starts. Respiration rate is directly proportion to 

temperature elevation up to a certain level after which it decreases, while photosynthesis is less 

susceptible to temperature stress than respiration with same way of facing disastrous. The 

optimum temperature for maximum enzyme activities is 30-45
o
C and they denatured and 

damaged at above 60
o
C. The rate of enzyme reactions enhances twice with increase of every 

10
o
C up to certain level. Therefore life process require optimum environmental conditions and 

temperature range for better functioning and above that limit permanent damage of cell 

structures and plant death occur. 

Photosynthesis is the most critical process influenced by high temperature (Wahid et al., 2007; 

Crafts-Brandner, S.J.; Salvucci, 2002). The structure and function of chloroplasts and 

chlorophyll contents are mainly affected by extreme temperature conditions (Xu et al., 1995) in 

C3 plants than C4 plants (Yang et al., 2006). Heat shocks decreases the amount of photosynthetic 

contents (Marchand, 2005) and photosystem II stops working (Morales, 2003). 

Growth and morphology 

The phenomenon of heat stress mostly retards the growth of a plant and hence reduce yield. It 

combines with drought stress and cause more damage than they perform individually (Prasad 

PVVStaggenborg SA, Ristic Z, 2008). In higher plant high heat stress considerably retards cell 

division, leaf size and weight. Moreover studies shows that increase in temperature directs the 

increase in leaf number without affecting photosynthesis rate. It restricts stem growth that are 

responsible for plant height (Prasad PVVBoote KJ, Allen Jr LH, 2006). Numbers of tillers are 

negatively affected in heat stress conditions as well it cause water loss and reduce biomass 

production (Al-busaidi, A, Ahmed, M, &Chikara, J, 2012). High temperature is responsible for 



pre and post-harvest damages like leaves burning, leaf senescence, fruit discoloration, and 

abscission and root growth inhibition. 

It also amends internal morphology of plants included closure of stomata, water loss, reduced 

cell size, large xylem tissues in both root and upper portions. Furthermore it causes unstable 

organelle structure, thinner leaves, stomata control disturbance, mesophyll cell sequence and 

undifferentiated vascular bundles. It alters cell elongation, differentiation, expansion and 

membrane permeability (Smertenkoetal., 1997; Potters etal., 2008; Rasheed, 2009). Among the 

growth stages the germination is most sensitive to abiotic stresses like temperature that involves 

reduced germination, emergence, seed viability, vigor abnormal seedling and growth of radical 

and plumule. The defected reactive oxygen species (ROS) directs the damage of photosynthetic 

machinery by heat stress (Camejoetal., 2006; Guoetal., 2007). It produces oxidative stress that 

involves protein degradation, lipid peroxidation, enzyme inactivation and membrane damage 

(Sairam et al., 2004). 

Reproductive growth 

High temperature negatively influenced the reproductive growth and cause sterility, reduction in 

seed size, flower abortion and fertilization hindrances (Dupuis and Dumas, 1990; Talwar et al., 

1999). Consequently it dehydrates the pollens grains when they protrude from anthers and reduce 

their viability (Sinsawat, 2004). In addition to pollen grains, pollen tube is also affected by heat 

stress that reduces flower receptivity (Hedhly et al. 2004). Mostly the plant species are more 

sensitive in sexual reproduction than vegetative that under high temperature stresses (Zinn et al., 

2010; Reddy and Kakani, 2007). Similarly elevated temperature consequence loss of valuable 

reproductive parts that are consumed and act as yield components Pollen tube development and 

pollen viability leads towards successful fruit set under optimum conditions. The decrease in 

fruit set is mainly due to less pollen viability and deprived fertilization. 

Pollen germination and fertilization decline occur that depends upon exposure and intensity of 

temperature. A number of alterations observed at molecular level like enzyme inactivation 

protein denaturation, degradation and aggregation. The protein RUBISCO decreases at 32.50
o
C 

and it leaves functioning at 45
o
C that intended plant death at 54

o
C. Heat stress reduces grain 

yield, metabolism and starch synthesis. During reproductive phase gynoecium growth, pollen 



formation and stamen development are more vulnerable to high temperature. The main reason of 

less number of seed formations at high heat stress is due to loss of stigma and pollen viability in 

legumes. The damage occurs at the early stages of pollen development due to increases 

temperature may be the cause of pollen sterility. Seed weight lass also occur as seed filling rate, 

cotyledon number and cell expansion is influenced by high temperature stress. The rigorous 

causes of pollen viability losses are not known and require more work. Hence it is necessary to 

shield crops from heat stress damage to increase yield and production.  

Plant responses to heat stress 

In higher plants the ability of cellular and metabolic responses prevents them from severe 

damage to high temperature. The performance of respiration and photosynthesis are mostly 

affected at high temperature and their maintenance is essential (Chen etal., 2010). As a defense 

mechanism or to tolerate heat stress plant produces phytohormones like abscisic acid (ABA), 

protective molecules and antioxidants. Heat stress disturb normal functioning so tolerant plants 

decrease in normal protein formation and enhances transcription and translation of heat shock 

proteins (Bray etal., 2000). In plants, many organelles have sensory mechanisms to detect high 

temperature fluctuations. The activation of lipid signals increased Ca
2+

 concentration and hence 

helps in cytoskeleton reformation. These signals lead towards fabrication of antioxidants and 

osmolytes in response to heat stress.  

Plant responses to high temperature stress depend upon plant type, exposure, duration and 

intensity of temperature. At extreme level of stress plant goes to damage and then death occur. It 

covers large area of plant for damage included germination, growth, reproduction and yield.  

Tolerance mechanisms  

The ability of the plant to germinate and produce economic yield under high temperature refers 

as heat tolerance. It varies in plant species and even in different parts and traits. Different tissues 

show deviations in responses, exposure and developmental complexity to prevent from stress 

conditions (Queitsch et al., 2000).  Plants develop different mechanism to avoid heat stress 

damages which involves short term acclimation or long term adaptation. In case of high heat 

stress, the plants having short term response shows transpirational cooling, leaf alignment and 

modifications in lipid structures for their survival. An escape mechanism is also found in plants 



against heat stress to reduce yield losses (Adams, 2001). The tolerance mechanism or response 

signals work in the form of ions and influences the fluidity of membrane. Some major tolerant 

mechanisms are late embryogenesis abundant (LEA) proteins, ion transporters, antioxidants, 

osmoprotectants, signals and transcriptional control that stabilize the heat shocks. It aids to 

regenerate homeostasis and repair damaged membranes and proteins (Vinocur, B.; Altman, 

2005). 

Conclusion  

High temperature stress is a major issue related to crop production and influence on the growth 

and development and yield of plants all around the world. Different studies show that extreme 

temperature influences the metabolism, physiology, viability, adoptability and yield of plants.  

The understanding to the tolerance mechanism, responses and adaptation of plants towards this 

threat requires more attention. The response varies specie to specie and under different growth 

phases. Plant activates different metabolites like heat shock proteins, osmoprotectants and 

antioxidants response to high temperature stress.  

With the passage of time the population increases and their demand of food also increases. So 

there is need to raise production and reduce losses. Plants develop mechanisms to avoid 

environmental stress and modified their genetic makeup which is the need of time. The 

understanding to different functions of plants and their response strategies leads towards 

advancement in pant protection. The photosynthesis adaptations regarding to heat stress involves 

restoration of CO
2
 acceptors ribulose-1,5-bisphosphate (RuBP) in C3 plants. Thermotolerance 

mechanism remains vague and requires attention. Exogenous applications of phytohormones, 

signaling, regulatory pathways and osmoprotectants have advantages for plants grown under heat 

stress conditions. An alternative way of creating thermotolerance in vital crop plants is to 

synthesize such harmonious compounds by engineering plants.  
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