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SUMMARY 
 

Rice (Oryza sativa L.), not only for Pakistan and Asia but for half of the world population, is 

one of the most important staple food crop. In accordance to growing human population, 

decreasing available arable land and pressure from environment, rice production must 

increase by 0.6-0.9% annually to meet the food demand. Among all environmental factors 

extreme temperature severely affected the quality and yield of rice. Moreover, predictions of 

future climate change mainly higher probability of elevated temperature during rice growing 

seasons have aggravated this issue many folds. To alleviate the threat of global warming on 

rice production, genetic improvement of rice for thermotolerance is very important. However, 

in crop plants including rice the genetic basis of thermotolerance is poorly understood. To 

explore the genetic adaptability to heat stress, heat acclimation can be studied which showed 

strong positive association to thermotolerance. Therefore, in this study eight local rice 

varieties were evaluated to explore their thermotolerance on the basis of growth, yield, 

physiological and biochemical responses under high temperature stress. Specifically, 

expression and accumulation of 70kDa heat shock protein (HSP70) and antioxidant enzymes 

including superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and ascorbate 

peroxidase (APX) were investigated during stress and recovery treatments. For this rice 

cultivars were subjected to extreme temperature treatments (42±1 ˚C) for different time 

intervals (24, 48 and 72h) and recovery treatments (28±1 ˚C) again for 24, 48 and 72h. This 

study was carried out at their seedling, flowering and grain filling stages.  

The data revealed that multiple inducible genes for expression of SOD, APX, POD and CAT 

isoforms and their consistent activity under heat stress condition to control excess production 

and accumulation of reactive oxygen species (ROSs) is mandatory to maintain cellular 

homeostasis. Similarly, immediate and proper signal transduction for induction of molecular 
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chaperon (HSP70) and their consistent expression with increasing in duration of heat stress 

exposure and during recovery also necessary to protect key cellular organelles and assist 

newly synthesized protein to fold in their native structure. Efficient activity of antioxidant 

enzymes and molecular chaperon lowered lipid peroxidation and reduced electrolyte leakage 

improved stress tolerance in rice cultivars. While poor performance of ROS scavengers and 

late and low expression HSP70 failed to prevent cellular damages caused by extreme 

temperature consequently hampered and retarded growth and development showed very low 

grain production.  

Cultivars “DR-82”, “DR-92” and “Sada Hayat” which showed poor growth and lowest yield, 

had minimum cell membrane thermostability (High EC), overproduction of ROSs (Maximum 

H2O2), highest MDA content, lowest proline accumulation, irregular and late expression of 

HSP70 and compromised activity of antioxidant enzymes under heat stress condition. 

However cultivars like “K-95”, “Shahkar” and  “IR-6” had better expression and 

accumulation of chaperon protein (HSP70) and antioxidants (SOD, CAT, APX and POD) 

and therefore they had maximum yield and growth attributes along with physiological and 

biochemical characteristics.  

It is concluded that although heat stress have negative effect on rice yield but intra-

accessional variations observed in terms of thermotolerance. For cell survival, expression and 

accumulation of stress proteins mainly HSP70, consistent expression and activity of 

antioxidant enzymes (SOD, POD, CAT, APX), during and post stress conditions, can 

improve physiological functions like membrane thermostability, lipid peroxidation and 

proline accumulation. All these mechanisms collectively enable plant to survive under 

extreme heat waves and produce better yield in rice. 
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Chapter # 1 

INTRODUCTION 

Growing rice (Oryza sativa L.) is one of the most important socio-economic activity, 

around the world, specifically in the South-East Asian regions, for sustaining human 

civilization (Agrawal and Rakwal, 2011; Kikuchi et al., 2003). Rice is one of the largest 

and widely consumed food crops among cereal throughout the world (Eckardt, 2009). It 

is most important staple cereal for half of human being living on the globe (Jagadish et 

al., 2010; Muhammad and Tarpley, 2009). About 90% rice, produce and consume by 

Asian regions (FAO, 2008). For Pakistan, rice is the second source of food after wheat, 

and is second to cotton as foreign exchange earner. In agriculture sector, its value 

addition accounts for 6.7% and 1.6% in GDP. Climatic suitability in Pakistan for the 

production of rice is very good but due the unfavourable climatic conditions such as, 

increase in daily mean temperature and rate of rain falling, affected yield of rice (Naz et 

al., 2006). In Pakistan the current area consumption for rice production is approximately 

>2.5 million hectares which contributes nearly 20% in foreign exchange earnings from 

exporting only one third part of the total rice production. Pakistani rice shares about 10% 

of world rice market as reported by IRRI and can be increased by improving its 

production but unfavourable climatic condition is the main hurdle (Siddiqui et al., 2007).  

An increase in production of rice by 0.6–0.9% of the current production rate is required 

annually to meet the food demand (Carriger and Vallee, 2007). But the rice is being 

cultivated in such regions where the condition of weather already subjected to high 

temperature and exceeds from mean 28/22°C day/night temperature (Zhang et al., 2013; 
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Prasad et al., 2006). According to Yin et al., (1996), temperature in the ranges of 27 to 32 

°C is considered as threshold temperature for the normal development of rice plant  while  

temperature extreames, cross the threshold temperature limit  (33 °C) for grain 

production resulting in losses in crop productivity and yield  (Nakagawa et al., 2002; 

Battisti and Naylor, 2009). It is reported that for a 1 °C increase in daily mean 

temperature, from threshold, nearly 7-8% rice yield declined (Baker, 1992). However, 

Peng et al., (2004) and Lee et al., (2007) showed reduction of rice yield about 10% for 

each 1°C rise in average minimum temperature, Therefore it is estimated to be reduce 

41% in total yield of rice by the end of this century (Ceccarelli et al., 2010).  

With increase in human population and activities, emissions of gases are continuously 

adding up in the current greenhouse gases concentrations. Climate studies identified that 

these greenhouse gases are responsible for increasing average temperature of earth 

(Wahid et al., 2007). According to Intergovernmental Panel on Climate Change (IPCC), 

concentration of atmospheric corbon dioxide (CO2) gas will rise approximately from 380 

to 1000 mM/M by the year 2100 (IPCC, 2007). Some other factors including, methane, 

chlorofluorocarbons and nitrous oxides (Jones et al.,1999), as well as anthropogenic 

activities (Eitzinger et al., 2010), are also responsible for temperature increase, leading 

global warming (IPCC, 2013). Burroughs, (2003) believed that the global climatic 

fluctuations are largely driven by depletion in stratospheric ozone layer and changes in 

land usage. In accordance to recent report of IPCC (2013), changes in future climate are 

predicted to 3.7-4.8 °C rise in daily mean temperature due to decline in precipitation, 

occurrence of frequent extreme and harsh events such as heat waves and flood. These 

factors cause reduction in yield and quality of crop, declined availability of arable land, 
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increased in food demand and have exerted a pressure on farmers to produce more with 

fewer resources (Eldakak et al., 2013; Maestri et al., 2002).  

Heat stress affects morphologically as retardation in shoot and root growth, sunburn on 

stem, branches and leaves, rolling of leaves and twigs, leaf death, damage and 

discoloration of fruits (Vollenweider and Gunthardt-Goerg, 2005; Ismail and Hall, 1999; 

Guilioni et al., 1997). It also induces alteration in developmental pattern depending on 

phenological stage. At germination stage, extreme temperature delayed in germination 

reducing germination potential and seedling establishment (Weaich et al., 1996). 

Similarly on later growth stages heat stress caused significant reduction in shoot dry mass 

(Ashraf and Hafeez, 2004), reduction in length of internodes (Hall, 1992) while at 

reproductive stage, gametophytes, both male and female, showed sensitivity to heat stress 

(Foolad, 2005). However, pollens are more susceptible than ovules (Peet et al., 1998). At 

grain filling stage, it triggered fastest cell death, fruit set damage, reduced grain weight 

and declined yield (Nakagawa et al., 2002) due to structural collapse of cellular 

organization (Schoffl et al., 1999).  

It is also observed that heat stress decreased membrane thermostability (CMT) which 

adversely affected the rice yield (Mohammad and Tarpley, 2009). Relationship of yield 

with CMT under heat stress vary from plant to plant (Wahid et al., 2007) and need to 

explore (Shah et al., 2011) because thermostability of biological membrane is pivotal for 

cell homeostasis and it is applied as indication of heat induced damages in many crop 

plants like barley (Wahid and Shabbir, 2005) and wheat (Blum et al., 2001). Similarly 

lipid peroxidation, protein aggregation and denaturation are considered as direct heat 

induced injuries while loss of membrane integrity, inhibition to protein transcription and 
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translation, inactivation of key enzymes function in mitochondria and chloroplast are 

considered as indirect or slower injuries to high temperature stress (Howarth, 2005). Heat 

stress, in common to other abiotic stresses, cause over production of reactive oxygen 

species (ROS), highly unstable and reactive (Wahid et al., 2007) and tends to stable by 

giving its free electrons (Ashraf, 2009) which starts a chain reaction leading oxidative 

stress (Noctor and Foyer, 1998). These oxygen species attack on membrane lipid causing 

its peroxidation (Xu et al., 2006). ROSes react with other key biological components 

including lipids, proteins, and DNA and damage them. Sometimes it denatures proteins, 

enzymes and inhibits protein synthesis (Howarth, 2005).  

One of the tolerance mechanism adopted by plants to cope with these adversaries of heat 

stress and oxidative stress include accumulation of compatible solutes called osmolytes 

(Hare et al., 1998; Sakamoto and Murata, 2002). Proline usually accumulate under stress 

condition involved in buffering cellular oxidation-reduction potential (Wahid and Close, 

2007). Therefore, accumulation of proline under different environmental stresses has 

been considered as well known stress tolerance strategy (Kavi-Kishore et al., 2005). 

Plant have developed antioxidant defence system which comprises peroxidase (POD), 

superoxide dismutase (SOD), ascorbate peroxidate (APX), catalase (CAT), tocopherols, 

ascorbate, phenolic compounds, and glutathione (Kreiner et al., 2002), to detoxify and 

control over production and accumulation of ROSs during stress condition. Among 

antioxidant enzyms induction of SOD are suggested to improve many physiological and 

biochemical phenomenons like auxin catabolism, oxidation of toxic reductants, defensive 

responses to injuries, biosynthesis and degradation of lignin in cell walls, some 

respiratory processes and protects cells from insect or pathogen attack (Scandalios, 
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1993). Similarly increase in expression of APX also improves physiological impairments 

caused by high temperature stress (Mazorra et al., 2002). It means most of the stress 

induced injuries occurs due to accumulation of ROS as a result of decline activity of 

antioxidant enzymes in stressed plants (Fadzillah et al., 1996). Therefore, the 

concentration of antioxidants determines the   level of stress tolerance in plants 

(Smirnoff, 1995).  

It is generally believed that on exposure to elevated temperature in plants; it perceives 

signals to DNA that cause up- and or down-regulations of certain genes responsible in 

expression of stress proteins as a tolerance mechanism (Iba, 2002). One of the known 

mechanisms is the expression of heat shock proteins called HSPs (Feder and Hoffman, 

1999). There are different types of HSPs having molecular weight ranging from 10-200 

kDa (Sch¨offl et al., 1999). Various physiological functions like membrane permeability, 

water and nutrient use efficiency, photosynthesis and assimilate partitioning, are 

associated with the expression of HSPs under stress condition (Momcilovic and Ristic, 

2007; Ahn and Zimmerman, 2006). These stress proteins are supposed to be essential in 

providing shelter to cellular compartments, associated to membrane and act as molecular 

chaperones under various stresses e.g. cold, drought, salinity, UV etc (Close, 1996; 

Svensson et al., 2002). Several investigators have detected proteins expression after salt 

stress, which make the organism more fit in saline environment (Hurkman et al., 1988). 

Similarly, induction and accumulation of HSPs, LEA, dehydrins and osmotins is 

positively co-related to thermotolerance (Robertson and Chandler, 1992) because they 

can assure plant survival under high temperature stress (Camejo et al., 2005). Among 

other types of HSPs, thermotolerance of cells and tissues was much dependent upon up 
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regulation of HSP70, in many plant species (Gurley, 2000). Studies on functional 

molecular biology proved that expression and accumulation of HSP70 had much 

relevence with abiotic stress tolerance (Abreu et al., 2013).  It is now well known fact 

that the enhanced expression of HSP70, assist in proteolysis, translation, translocation,  

folding of newly thesis protein, refolding of denatured protein,  aggregation and 

transportation of damaged proteins (Gorantla et al., 2007; Zhang et al., 2010). Therefore, 

one of the most important ways to achieve maximum rice yield and productivity under 

the threat of global warming is to adopt thermotolerant cultivars which have developed 

all these mechanisms (Zhang et al., 2013). Thus, screening of current rice cultivars and 

use them in breeding programs to develop high temperature stress tolerant rice varieties is 

a more vital and important task to cope with the food security problem due to harsh 

climatic conditions and growing population scenario (Parasad, 2006). Stress proteins and 

antioxidants isoforms are useful biomarkers conferring thermotolerance but there are 

entire scarcity of information on the synthesis and accumulation these biomarkers in local 

rice germplasms (Shah et al., 2011). Therefore, we investigated the regulatory 

mechanism of different stress proteins and antioxidant enzymes isoforms under heat 

stress in local rice germplasms. Such kind of study will pave the way for engineering 

plants that can tolerate heat stress and could be the basis for production of rice crop 

which can produce economic yield despite high temperature stress. 
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Objectives 

 To explore response of rice towards heat stress from germination to maturity 

 To screen thermotolerant rice cultivars  

 Identification and characterization of stress proteins as biomarkers 

 To elucidate role of antioxidant enzyme isoforms in thermotolerance 
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Chapter # 2 

LITERATURE REVIEW 

2.1 IMPORTANCE OF RICE AND HIGH TEMPERATURE STRESS  

2.1.1 Importance of rice 

Rice (Oryza sativa L.), is one of the most important cereal and primary source of staple 

food for world’s half population (Shimono and Okada, 2013; Zho et al., 2011; Khush et 

al., 2005; Jagadish et al., 2008; Carriger and Vallee, 2007; Sarkar et al., 2009), 90% of it 

produces and utilizes in Asia, where it shares more than half of protein and two-thirds of 

the calories requirements (Weerakoon et al., 2005). Some other reports manifested that 

rice provides more than 21% of the calories globally and intake of near about 76% of the 

calories (Fitzgerald et al., 2009). Above all, it is a monocot plant becoming reference 

plant for other cereal crops due to its genome sequencing (Agrawal and Rakwal, 2011). 

Rice is being cultivated, from 0m to more than 2000m in altitude and from 35
◦
S to 53

◦
N 

in latitude, by breeders. In view of this adaptation of rice to various environments, it is 

cultivated in a wide range of ecosystems (Shimono and Okada, 2013; Yoshida, 1981). As 

human population on the globe are predicted to touch 9 billion by 2050 (United Nations, 

2010) therefore, about 70% increase in current food production is required (Bita and 

Gerats, 2013) targeting the 0.6-0.9% increase in rice production annually in order to meet 

the demand (Carriger and Vallee, 2007). According to a recent report (UN, 2012), it is 

expected to be added two billion human in the current population by the year 2050, in 

addition there are already 925 million people are living in the state of hunger 

(Karimizadeh et al., 2011). To remove the bad spot of hunger from the face of humanity, 
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the production and supply of food need to significantly increase many folds by the help 

of modern technologies and breeding tools for crop improvement (Beddington et al., 

2012). 

2.1.2 High temeprature stress  

Abiotic stresses including salinity, drought, freezing, heat, flooding and heavy metal 

toxicity, lead to osmotic and oxidative damages on crop plants (Hirayama and Shinozaki, 

2010; Mittler and Blumwald, 2010), hence considered  major challenges in sustaining 

maximum crop production worldwide (Chen et al., 2013). These stresses are, individually 

or in combination, interrelated, cuasing morphological, physiological, biochemical and 

molecular, altrations that severely affect growth and development and total yield of food 

crops in accordance to food security (Rang et al., 2011). Among them one of the major 

risk for food security, worldwide, is the threat of ever changing climatic conditions 

mainly extreme temperature which have greater contribution in crop yield reduction 

(Wahid et al., 2007). During their life cycle, plants face fluctuations in temperature 

(Sarkar et al., 2009; Perez et al., 2009). However, during hot summer seasons, extreme 

temperature, hampered crop development and grain production because they can damage 

the intermolecular interactions necessary for plant growth, decreasing grain production 

(Qin et al., 2008; Perez et al., 2009; Kurek et al., 2007; Deryng et al., 2014). Temperature 

has broad range of impacts on plants life through changing their physiology, 

biochemistry and pathways of molecular biology (genes/proteins) (Bita and Gerats, 

2013). A temperature uplift only 3–4 
◦
C, form ambient, could decline 15–35% crop yields 

(Ortiz et al., 2008), effecting its growth and yield (Grover et al., 2003). In addition, 
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climate change such as extreme variation in heat waves is predicted in this century 

(Redden, 2013), approximately 3.7 to 4.8 °C above the current level (IPCC, 2013). 

This situation has posed severe threat to food production, especially for staple food, 

wheat, rice, maize, and potato, crops of the world (Schafleitner et al., 2011). About 75% 

of poor,  around the globe live in rural areas therefore any shortage in food demand, 

inhabitants of under developed countries will seriously affected (Fitzgerald et al., 2009) 

consequently  famine will spread all over the world (Bita and Gerats, 2013). To cope with 

this challenge, thorough understanding of the molecular mechanisms along with 

physiological and morphological attributes involved in heat tolerance is very necessary 

(Lin et al., 2014). 

2.2 EFFECT OF HIGH TEMPERATURE STRESS ON RICE  

Ambient temperature range of rice plant for its physiological processes was found in the 

range of 27-32 °C (Yin et al., 1996) and 30-33 °C (Nishiyama, 1976). Rice plant is 

experiencing day temperatures either higher or close to the critical threshold temperature 

range between 33
◦
C (Nakagawa et al., 2002) and 35 

◦
C (Yoshida, 1981).  Temperatures 

beyond >35 
◦
C at fertilization and anthesis for only 1h can lead to complete male sterility 

in rice (Jagadish et al., 2007). Abnormal anther dehiscence (Matsui and Omasa, 2002), 

reduced pollination (Matsui et al., 2005) and less pollen germination during reproductive 

phase have found as the main cause of spikelet sterility when rice exposed to high 

temperature stress (Jagadish et al., 2010). Similarly, application of high temperature 

stress (39 
°
C) a day before flowering exhibited poor anther dehiscence (Matsui and 

Omasa, 2002). Grain filling of rice is highly susceptible to episodes of heat stress events 

that are likely to be occure in future climates (Jagadish et al., 2008). According to Peng et 
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al., (2004), for each 1°C increase in daily temperature beyond ambient temperature, 10% 

rice yield declined therefore in regards of current climate change condition it is estimated 

rice yield will be decline by 41% by 21
st
 century (Ceccarelli, 2010). On the other hand 

due to alarming situation of climatic change rice plant could more frequently be exposed 

to both heat stress and water deficit stress during their sensitive growth stages (Rang et 

al., 2011; Wassman et al., 2009). In addition the most worse condition is that growth 

response of rice towards heat episodes and key factors confering thermotolerance are not 

fully elucidated (Mohammad and Tarpley, 2010 and Shah et al., 2011a) due to its 

multigenic nature, although, there are many reports about negative effect of extreme 

temperature on rice yield (Nagarajan, 2010). Heat stress due to increasing temperatures of 

the environment has severe negative effect on rice quality and yield (Welch et al., 2010; 

Ishimaru et al., 2010) and in view of future climatic conditions as predicted by IPCC 

(2013) this issue is aggravated many times (Battisti and Naylor, 2009). To reduce the 

problem, rice genetic improvement for adaptability in the warming environments in 

necessary but the molecular basis involved in adaptability or heat tolerance mechanisms 

in rice is poorly understood (Lin et al., 2014).  

2.3 STRATEGIES TO COPE WITH HEAT STRESS 

Crop improvement for maximum yield production, to fulfill the food demand despite 

numerous environmental barriers need to use modern technologies in plant breeding 

programs (Bita and Gerats, 2013). In order to survive under high temperature conditions 

plants exhibit multiple types of protective measures. The strategies adopted by plants 

under elevated temperature are grouped into stress avoidance and acclimation 

mechanisms (short term) or tolerance (long term) (Wahid et al., 2007). Therefore, in view 
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of present and future climatic condition heat tolerance strategies are most important 

characters for sustained and maximum grain production in rice (Jagadish et al., 2008). In 

order to develop appropriate heat tolerant genotypes, it is essential to uncover and 

elucidate the entire molecular mechanisms of potential agronomic characters relevant to 

this issue such that it can be implemented for different types of climatic conditions and 

locations (Bita and Gerats, 2013) because it is the only way to solve agricultural 

problems (Zou et al., 2011) and to release heat tolerant rice lines (Redden, 2013). On the 

other hand, for efficient photosynthesis, maximum cell membrane thermostability is 

highly desirable characteristics of heat tolerant variety (Nagarajan et al., 2010; Scafaro et 

al., 2010). Moreover, induction of stress responsive proteins, accumulation of 

osmoregulators, antioxidants and factors involved in transcriptional control, all are 

general stress tolerance strategies, essential to counteract with heat stress damages (Wang 

et al., 2004).  It also accounts up- and or down-regulation of genes or proteins, 

accumulation of osmoprotactents, increased activity of ROS-scavengers (antioxidants) 

and other regulatory networks, Hence, in elucidation of responses of rice under elevated 

temperature transcriptomic, proteomic and metabolomic regulatory network in needed to 

provide a realistic and ground basis of physiological processes responsible for heat 

tolerance mechanisms (Zou et al., 2011; Redden et al., 2013).  

Plant heat tolerance strategies are associated and coordinated with adjustment of growth 

and development using key components of cellular and molecular mechanisms.  Stress 

tolerance  can be engineered rapidly by transformation approaches (Lusser et al., 2012) 

but it is seriously affected  to produce beneficial crops due to very limited knowledge 
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about molecular mechanisms underlying abiotic stress tolerance including high 

temperature (Mittler, 2006; Sinclair, 2011 and Lawlor, 2013). 

2.3.1 Response of plant to high temperature stress 

Through various mechanisms, plants respond to any kind of environmental stimuli, from 

morphology to molecular biology, depending on type of stress, its severity, duration and 

developmental stage of the plant. Physiological and biochemical changes contribute and 

evident in terms of whole plant responses. Hence it is necessary to elucidate and 

understand effects of thermal stress from morphology to molecular biology as discussed 

below:  

2.3.1.1 Whole plant responses 

2.3.1.1.1 Growth and yield  

Elevated temperature and excess of solar radiation are most important and critical factors 

involved in changing responses of growth and yield of many plants specifically growing 

in tropical areas (Hall, 1992). These responses depend on phenological stage of the plant 

at which it encounters with thermal stress i.e. from germination to grain filling in crops 

(Fischer, 1985). Under field conditions, among all other growth stages germination stage 

(Piramila et al., 2012) is more prone to heat stress affecting germination process by 

reduction in number of germinated seeds, delayed germination, diminished seedling 

establishment, reduced seedling vigor, plumule and radical growth (Kumar et al., 2011; 

Toh et al., 2008). Wheat showed death of embryos and cell, resulting in complete 

inhibition of seed germination and seedling establishment at 45 °C (Cheng et al., 2009). It 

is observed that at 40 °C  growth of coleoptiles in maize decreased while ceased at 45 °C 
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(Weaich et al., 1996) which also correlated with field performance (Venter, 1997). It is 

observed that mostly induction of absisic acid is responsible in seed germination 

inhibition (Essemine et al., 2010). 

Morphologically plants showed scorching of leaves and twigs, retardation in shoot and 

root growth, sunburn on stem, branches and leaves, rolling of leaves and twigs, leaf 

death, damage and discoloration of fruits etc. as heat induced damages (Vollenweider and 

Gunthardt-Goerg, 2005; Ismail and Hall, 1999; Guilioni et al., 1997). Most of the plants 

change their leaf orientation in order to decrease water loss through transpiration (Sayed, 

1996). In some other crops damages to margin and tip of leaf, it’s drying and rolling and 

necrosis also observed (Omae et al., 2012). In most of the cases, changes in architecture, 

hypocotyls and petioles elongation are observed in plants (Hua, 2009; Tian et al., 2009). 

Heat stress also caused significant reduction in shoot dry mass (Savin et al., 1997; Ashraf 

and Hafeez, 2004; Kim et al., 2007; Patel and Franklin, 2009), reduction in length of 

internodes (Hall, 1992). While  plant height, number of tillers and dry matter found 

negatively affacted by high temperature stress (Mitra and Bhatia, 2008), along with 

reduced cell water, which cause cell shrinking and tissue reduction leading retardation of 

growth in rice (Ashraf and Hafeez, 2004; Rodriguez et al., 2005). In sugarcane, millet 

and maize, imbalance in net assimilation rate (NAT), is also found responsible in 

decreasing of relative growth rate (Wahid et al., 2007; Srivasta et al., 2012). Inhibition in 

growth of root and shoot, abscission and senescence of leaf tissue, damaging and 

discoloration of grains, are also observed during vegetative growth under high 

temperature stress (Vollenweider and Günthardt-Goerg, 2005; Rodriguez et al., 2005).   
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In crop breeding programs obtaining maximum yield is one of most important task of 

breeders therefore, screening of high temperature stress tolerant cultivars should not 

limited to only seedling stage (Feng et al., 2007; Katiyar-Agarwal et al., 2003; Murakami 

et al., 2004; Wu et al., 2009). Flowering and grain filling are more susceptible to extreme 

temperature (Reynolds, et al., 1994), leading yield reduction due to pollen infertility and 

spikelet sterility (Young et al. 2004; Zinn et al., 2010; Camejo et al., 2010; Satake and 

Yoshida 1978), because mature pollens fail to fertilize under heat stress, due to 

interference in pollen cells division, limiting supply of water and nutrients (Young et al., 

2004; Dupuis and Dumas, 1990). Induction of male sterility at flowering stage is most 

common heat induced damages (Saini et al., 1984), such as pod abortion and flower drop, 

in most of the crops including pulses (Young et al., 2004; Siddique, 1999). Therefore, 

improper development of anther and pollen is major contributor in yield loss under high 

temperature stress (Sato et al., 2006). Heat stress also causes reduction of fertile seed 

production consequently reducing yield (Poter, 2005) which can be compensated by early 

flowering and anthesis as protective measures in assurance of maximum yield (Tewolde 

et al., 2006). At maturity, extreme temperature prolonged duration of grain filling period, 

reducing growth of kernel, which contributes in reduction of kernel density and weight by 

7%.  These heat induced changes occur in kernel quality in terms of starch, oil and 

proteins constituents (Maestri et al., 2002; Wilhelm, 1999). It is found that approximately 

4.1% to 10.0% yield of many cereals, including rice, decreased upon increase of only 1°C 

in daily average temperature (Wang et al., 2012). In this case tolerant cultivars showed 

less reduction, for example tolerant rice cultivar “Huanghuazhan” had 3.4%-4.4% 

reduction in 1000-grain weight at 35-40°C while heat sensitive rice variety “Shuanggui”, 
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showed 7.0%-7.9% (Ahmed et al., 2010), due to the limited availability of photosynthates 

for grain filling process (Hall, 1992). In O. sativa elevated temperature declined grain 

weight by reducing length as well as width of rice grains (Mohammad and Tarpley, 

2010), mainly due to decrease in assimilate partioning as a result of low photosynthesis 

capacity, excessive respiration damages and decrease in total radiation use efficiency 

(RUE) (Zhang et al., 2006; Hay and Porter, 2006; Reynolds et al., 2007). Therefore, 

systematic use of phenotyping  approach along with detailed study of entire cellular 

homeostasis for a range of high temperature stress conditions might rise chances to 

identify potential heat stress response markers (Bita and Gerats, 2013; Sivasankar et al., 

2012). 

2.3.1.1.2 Physiological and biochemical response 

Under heat stress plants usually shows very diverse physiological responses because 

thermal stress can affect plant metabolism. Hence, a very brief overview of physiological 

responses towards heat stress is as under:   

2.3.1.1.2.1 Production of reactive oxygen species (ROS) 

Generation of reactive oxygen species (ROS) is the first and common response to every 

kind of environmental stress (Wahid et al., 2007). High temperature analogous to other 

abiotic stresses also cause induction of oxidative stress as a result of increased production 

of ROSs (Potters et al., 2007; Noctor and Foyer, 1998). These ROSs usually generate in 

mitochondria, chloroplast, photosystem I and II etc. (Gill et al., 2010) and comprises both 

free radicals, O2
.-
, O2

.
, OH

.
 and as well as non-free radicals including i.e. H2O2, 

1
O2. A 

relationship is found in between accumulation of ROSs and efficient process of 

photosynthesis (PSII) and it is suggested that decline in absorption of photon occurs 
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under heat stress. So most of the photon intensity absorbed by PSI and PSII use in 

assimilation of CO2 serves as major source of ROS generation (Halliwell, 2006). 

Production of superoxide radical occurs through reaction (Mehler reaction) in 

chloroplast, during electron transport chain reactions in mitochondria while in plasma 

membranes through oxidation of NADPH (Karuppanapandian et al., 2011; Huang and 

Xu, 2008). Reaction between O2
-
 and H2O2 in the presence of Fe

2+
 and Fe

3+
 activated 

oxygen specie OH
-
 is formed through Haber-Weiss reaction which is more devastating 

than others (Wahid et al., 2012; Apel and Hirt, 2004).  

Production of ROSs upon exposure to high temperature is a sign of cellular dagredation, 

reducing permeability and function of biological membrane through peroxidation of 

membrane lipids and pigments. In addition, it also cause damage to various other cellular 

important components like the photosynthetic machinery and power house, reducing 

metabolic processes (Sairam and Tyagi, 2004; Xu et al., 2006). Other related impairments 

are the reduction in energy production, hindering carbon utilization through disturbing 

essential chloroplast and mitochondrial electron transport systems (Foyer and Noctor, 

2009). Excess ROSs are involved in programmed cell death (PCD) in addition of direct 

involvement in cellular damage at various levels (Gechev et al., 2006). They tend to 

become stable by losing its extra electrons hence reduce other key cellular molecules 

leading cell death (Ashraf, 2009). Therefore, these activated oxygen species attacks on 

membrane lipid leading to peroxidation consequently membrane becomes more fluide 

(Xu et al., 2006). Sometimes it denatures proteins and lipids directly making electrolyte 

leakage while it may also cause slower injuries i.e. enzymes inactivation, inhibit protein 

synthesis and disturbs membrane functions (Hawarth, 2005).  
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2.3.1.1.2.2 Membrane lipid peroxidation (MDA)   

Saturation of membrane lipids, due to peroxidation by activated oxygen species, severely 

causes cell membrane damage (Xu et al., 2006). Senescence of tissue as a result of 

membrane degradation due to peroxidation of its lipid content may lead to increased 

fluidity of cell membrane therefore is one of the typical heat induced damage indicator 

(Savchenko et al., 2002). Thus, for persistent integrity of cell membrane and its thermal 

stability, improvement of saturated fatty acid content in membrane seems to be more 

critical (Larkindale and Huang, 2004). Under abiotic streses, MDA were increased many 

folds due to lipid degradation (Lee et al., 2007; Lin et al., 2001; Wu et al., 2003), hence, 

content of MDA is thought to be a measure of lipid peroxidation level in plants. 

Peroxidation of lipids is associated to the production of ROS and free chain reactions 

caused by ROSs leading cell death. In wheat under heat stress increased MDA was found 

due to low activity of antioxidant enzymes (Hurkman et al., 2009). Similarly in 27% 

increase in MDA content also observed after 2 days exposure to heat stress at seedling 

stage (Miller et al., 2010). Therefore, MDA is considered an important criterion in 

assessing severity of heat induced damages (Bita and Gerats, 2013). In Arabidopsis the 

ratio of unsaturated fatty acid to total saturated fatty acids found one-third reduced and 

total lipid content in membranes was decreased about one-half when grown under 

elevated temperature as compared to the plants grown under normal temperature 

(Somerville, 1991). It must be validated, because degree of saturation of cellular lipids in 

some species does not correlate with the thermotolerance level, suggesting that in 

membrane stability of plants, grown at high temperatures, there might be other limiting 

factors than MDA. 
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2.3.1.1.2.3 Cell membrane thermostability (CMT) 

Cell membrane thermostability (CMT) is one of the potential characteristic of a heat 

tolerant variety (Nagarajan et al., 2010; Scafaro et al., 2010). One of the direct and 

reliable indicators of heat induced damages in plants for measuring CMT under high 

temperature is measurement of electrolyte leakage (Lester, 1985; Saelim and Zwiazek, 

2000). Gulen and Eris (2004) reported increased electrolyte leakage followed by 

exposure to high temperature stress. For efficient photosynthesis, maximum cell 

membrane thermostability is highly desirable characteristics of heat tolerant varieties of 

rice (Nagarajan et al., 2010; Scafaro et al., 2010). Therefore, abiotic stress tolerance, 

including thermotolerance, have been correlated with stability of cell membrane and has 

been used to asses stress tolerance level  (Premanchandra et al., 1992).  Cell membrane 

thermostability (CMT) is pivotal for cell homeostasis and this may determine by 

electrolyte leakage (EC) and it is applied as indirect indication of heat induced damages 

in many plants like rice (Mohammad and Tarpley, 2009), barley (Wahid and Shabbir, 

2005) and wheat (Blum et al., 2001).  It has been considered an indirect and rapid 

measure of thermotolerance in various plant species, including tomato and potato (Chen 

et al., 1982),  soybean (Martineau et al., 1979), cotton (Ashraf et al., 1994), sorghum 

(Marcum, 1998), cowpea (Ismail and Hall, 1999), wheat (Blum et al., 2001) and barley 

(Wahid and Shabbir, 2005). Degree of leakage of cell sap (electrolyte) under stress 

condition is dependent upon degree of stress, plant species, growing season, 

developmental stage, sampling organ and age of plant/tissue. Karim et al., (1997, 1999) 

reported that heat induced injuries to plasmalemma were much severe in mature leaves 

then in developing leaves in maize. Therefore, it invokes for further investigation to find 
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out the relationship between crop yield under high temperatures and CMT because it is an 

important physiological selection criterion varying from plant to plant. For example, no 

relationship between yield and CMT was observed in soybean (Martineau et al., 1979) 

and wheat (Shanahan et al., 1990) whereas a significant relationship was observed in 

sorghum (Sullivan and Ross, 1979). So, the main causes of yield loss specifically staple 

food crops grown under high temperature stress condition remain largely elusive and 

deserve experimentation in future. It is observed that heat stress decrease membrane 

thermo stability, and adversely affected the rice yield (Mohammad and Tarpley, 2009). 

Relationship of yield with CMT under heat stress varies from plant to plant (Wahid et al., 

2007) and rice yield relationship with CMT need to explore (Shah et al., 2011). 

2.3.1.1.2.4 Osmolyte accumulation 

In osmotic adjustment, primary metabolites, directly involve, therefore under high 

temperature stress efficient and enough accumulation of osmoprotectants is an important 

tolerance mechanism (Sakamoto and Murata, 2000). Accumulation of key osmolytes like  

proline,  glycinebetaine and soluble sugars is considered as an important regulatory 

components in maintaining osmotic imbalances and protect cellular organelles from high 

temperature stress by maintaining the cell water requirement, increasing membrane 

stability, and by buffering the cellular redox potential (Farooq et al., 2008). It also 

credited to maintain protein function and stability of proteins (Sung et al., 2003; Mirzaei 

et al., 2012). Proline has been over expressed in plants through transformation techniques 

suggesting the beneficial effect of proline overproduction in stress tolerance (Dobra et al., 

2010). Because it is an important tolerance mechanism adopted, against abiotic stresses 

such as water deficit, salinity and extreme temperatures, by many plants species is 
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accumulation of compatible osmolytes containing low molecular mass organic 

compounds (Hare et al., 1998; Sakamoto and Murata, 2002). A number of osmolytes i.e. 

tertiary sulphonium compounds and tertiary and quaternary ammonium compounds, 

sugars and sugar alcohols, proline usually accumulate by different plants grown under 

stress conditions (Sairam and Tyagi, 2004). In higher plants osmolyte (proline) is known 

to accumulate in large quantities in response to harsh environmental conditions (Kavi 

Kishore et al., 2005). Under heat and other type of stresses, proline synthesis and 

accumulation suggested that it takes part in buffering cellular redox potential, therefore 

functional significance of accumulation of proline is to maintain cell homeostasis (Wahid 

and Close, 2007). In heat tolerance of sugarcane, it is reported that great implications was 

entailed by accumulation of these soluble sugars (Wahid and Close, 2007) while, fruit 

development in tomato hampered under heat stress, due to the lake of proline transport 

through the narrow window of male reproductive organ and disruption of sugar 

metabolism (Sato et al., 2006). In some reports plants engineered to produce trehalose, 

mannitol or fructans for hexose sensing in transgenic, as an important contributory factor 

to the stress tolerance (Hare et al., 1998). 

2.3.1.1.3 Molecular response 

At molecular level, different plant species show different response under stress condition 

in terms of up- and or down-regulation of genes and proteins. A brief account of these 

changes is given below. 

2.3.1.1.3.1 Antioxidant enzymes 

Excess reactive oxygen species (ROS) generate and accumulate in mitochondria and as 

well as in chloroplast, under stress, which can cause autocatalytic peroxidation of 
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membrane lipids, severe damage to proteins and DNA leading cell death (Kukavica and 

Jovanovic, 2004; Wang et al., 2014). Therefore, one of the most deleterious and lethal 

issue of cellular injury and tissue senescence is the generation and post reactions of 

reactive oxygen species (Liu and Huang, 2000).  

Plants have developed very efficient detoxification systems called antioxidant defense 

system that degrade the highly toxic ROS or convert into harmless molecules in order to 

limit oxidative damage under stress condition (Larkindale and Huang, 2004). The 

antioxidant defense system which comprises both enzymatic like superoxide dismutase 

(SOD), glutathione reductase (GR), ascorbate peroxidase (APX), catalase (CAT) and 

peroxidases (POD) and non-enzymatic such as glutathione, ascorbic acid, a-tocopherol 

and carotenoids, antioxidants which protect cells and sub cellular systems of plant 

biology from the toxic and damaging effects of these ROSs (Sairam and Tyagi, 2004). 

Like other abiotic stresses high temperature stress also induces or supress the ROS 

scavenging enzymes (CAT, POD, SOD) depending on the degree and duration of stress, 

tissue in question etc. (Chaitanya et al., 2002). Hence, maximum level of expression and 

efficient performance of antioxidants is very important and essential to protect cell from 

ROS damages (Larkindale and Knight, 2002; Suzuki and Mittler, 2006). Therefore, the 

general mechanism manifested by most of the tolerant plants, to protect themselves 

against deleterious effects of these ROS, was to upregulation of different antioxidants, 

which can influence essential and important cellular processes such as cell division, 

programmed cell death, responses to many abiotic stresses and defense against 

pathogens, through controlling gene expression system (Abiko et al., 2005). These 

activities have been reported in almost all types of cells and cell organelles, indicating the 
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importance in controlled production ROS for cell survival (Iba, 2002; Mittler et al., 2004; 

Asada, 2006). In most of the crop plants it has been reported that enhanced and improved 

activities of antioxidant enzymes is strongly involved in maximum tolerance to high 

temperature stress (Zhau et al., 1995; Wang et al., 2014). In comparison of most of the 

heat-treated and non heat-treated plants it is exhibited that thermotolerance was 

associated with the better cell membrane thermostability, very low level of ROS (Xu et 

al., 2006), due to enhanced expression and activity of antioxidant enzymes (Shi et al., 

2001). Mutant lines of CAT, APX and SOD in yeast proved their importance in 

regulation of oxidative stress induced by high temperature stress because over synthesis 

and activities of these enzymes enhanced thermotolerance under stress condition 

(Davidson, 1998).  

In many higher plants also it is reported that efficient dismutation of superoxide (O2
- 2

) 

radical was carried out by SOD (Shah et al., 2001). Superoxide dismutase is the first 

reactive oxygen species generated by plants under stress and only SOD dismutase 

superoxide. Therefore, SOD is considered as first defense line against oxidative stress 

(Xue et al., 2012). According to the metal co-factor there are four known types of SODs, 

the iron (Fe) containing SOD (Fe-SOD) (Yost and Fridovic, 1973), the copper and zinc 

(Cu, Zn) containing SOD (Cu,Zn-SOD) (McCord and Fridovic, 1969), the manganese 

(Mn) containing SOD (Mn-SOD) (Keele et al., 1970) and nickel (Ni) containing SOD 

(Ni-SOD) (Youn et al., 1996). Bowler et al., (1994) also reported that in plants the 

distribution of SOD isozymes showed that they are located in different cellular 

compartments, like in cytosol (Cu,Zn-SOD), in chloroplast (Cu,Zn-SOD and Fe-SOD), 

whereas in mitochondrial and peroxisomes (Mn-SOD).  As Cu,Zn-SOD is usually occurs 
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in cytoplasm and chloroplasts therefore it plays a central and most important role in 

detoxifying super oxides and protecting  plants against oxidative stress. However, very 

low abundance of this Cu,Zn-SOD enzyme’s precursor was found in plants (Lee et al., 

2007).  

Enhanced activity of SOD after application of heat stress at 42 °C was found in maize 

plant (Hu et al., 2010). SOD expression and activity under stress condition, were 

associated with types of cultivars within genotypes and tissue under investigation, as only 

three SOD bands in shoots of heat sensitive rice cultivar (DR-92) while six SOD bands in 

shoots of heat tolerant rice cultivar (Bh-1) were observed (Shah and Nahakpam, 2012). 

Similar results with down-regulation of SOD under oxidative stress mainly at the protein 

and transcript level also reported (Lee et al., 2007; Sweetlove et al., 2002). It may be due 

to complex mode of action of SOD to various types of abiotic stresses (Zou et al., 2011).  

Superoxide (O2
-
), usually dismutases by SOD and convert them into H2O2, another 

equally harmful ROS for cellular homeostasis, which must be detoxify again by other 

antioxidant enzymes. Therefore, enhanced expression and activity of other enzymes 

involved in, Halliwell-Asada Pathway (APX, DHAR, MDHAR, GR) and  CAT 

(Almeselmani et al., 2006), to detoxify ROS, is very important for a thermotolerant 

genotype.  Thus, preferably all antioxidant enzymes should have enhanced and sustained 

expression and activity. Particularly peroxidase enzyme (POD), because it oxidizes a vast 

array of ROS. For example it is found that POD triggers the detoxification of H2O2 to 

water and oxygen molecule which is the main part of the enzymatic defense system of 

plant cells (Gulen and Eris, 2004). Peroxidases (POD) are glycoproteins containing heme 

as co-factor and with respect to their iso-electric point it usually classified as neutral, 
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acidic or basic (Yoshida et al., 2002). A vast array of physiological functions in plants, 

such as detoxification of H2O2, oxidation of harmful reductants, in cell wall lignin 

biosynthesis and degradation, catabolism of auxin, wounding healing, controlling 

pathogen induced damages or prevent plant from insect attack  and some other key 

respiratory processes are all credited to improved and consistent activity of peroxidases 

(Gulen and Eris, 2004). Similarly, Chaitanya et al., (2002) and Mazorra et al., (2002), 

also reported that performance of POD under high temperature negatively correlated to 

appearance of physiological damages in plants caused by thermal stress. It has been 

showed that tolerance to high temperature stress increased many folds upon expression of 

tomato glutathione peroxidase and barley peroxisomal ascorbate peroxidase, in tobacco 

(Chen et al., 2004) and in Arabidopsis (Shi et al., 2001), respectively. Ilba, (2002) also 

reported increased activity of POD, associated with lowest oxidative stress, under high 

temperature. Therefore, among other antioxidant enzymes, activity of SOD and POD 

under oxidative stress, are considered as an important factor in plants defense 

mechanisms to detoxify ROS mainly superoxide and hydrogen peroxide. Because, SOD 

and POD play key role in the conversion of superoxide to H2O2, and catalase (CAT) use 

it as substrate. Secondly under a range of adverse environmental conditions generation of 

ROS is universal in plants, specifically superoxide (O2
- 2

) production therefore role of 

SOD during has received more importance (Bowler et al., 1992), because SOD is the 

only antioxidant enzyme responsible in scavenging and detoxifying superoxide (O2
-2

), 

whereas other ROS like H2O2 can be detoxify directly by many other enzymes including 

catalase or with the help of various other reductants (Dat et al., 2000). According to 

Passardi et al., (2004), rice had 138 genes encoding POD enzyme. Constitutive activity of 
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POD enzyme with differential expression, with increase in band intensity under various 

stress combinations, were observed in two rice cultivars having seven constitutive POD 

activity group bands in shoots and six group bands in roots as compared to control plants. 

It is observed that POD isozymes with similar molecular weight and charges showed 

hindrance to be separated by simple gel electrophoresis (Shah et al., 2004).   

Under high temperature stress it is found that among multiple types of antioxidant 

enzymes, catalase (CAT) and ascorbate peroxidase (APX) also act as ROS  scavengers in 

plants (Gill et al., 2010). For example it has been shown that antioxidant enzyme, 

ascorbate peroxidase (APX),  increased under heat stress (HS) conditions because its 

expression are under control of heat shock factors (HSFs) (Suzuki and Mittler, 2006). 

Unlike SOD and POD, APX enzyme showed more sensitive to heat hence decreased its 

activity under high temperature stress (Panchuk et al., 2002). Some literature showed 

increased in activity of APX in cytosole due to up regulation of heat inducible APX gene 

under high temperature stress (Foyer et al., 1997; Bartosz, 1997). APX showed maximum 

affinity to H2O2 detoxification, than CAT or guaiacol peroxidase, because it removes 

H2O2 using ascorbate as reductant (Wang et al., 1999). In cool season turfgrass species in 

comparison of heat-acclimated with non-acclimated one showed lower production of 

ROS was observed due to enhance expression of ascorbate enzyme in heat-acclimated 

turfgrass (Xu et al., 2006). In rice it is predicted that many pathways are linked to 

antioxidants activation at 40 °C were reported but need to elucidate (Zou et al., 2011). 

2.3.1.1.3.2 Stress proteins 

Under different stress conditions, plants express different types of proteins as global 

stress response, to assist native proteins and protect cellular metabolism as all types of 



 27 
 

stresses generate reduction in water potential of cell (Allagulova et al., 2003; Ingram and 

Bartels 1996). Over expression of these stress proteins is an important and key molecular 

response manifested by plants to cope with stress conditions. They enhance plant stress 

tolerance likely through hydration of cellular organelles and components due to their 

hydrophilic properties (Wahid and Close, 2007). Among the stress responsive proteins, 

heat shock proteins are well known factor mostly express as heat stress response (Kang et 

al., 2005).  

2.3.1.1.3.2.1 Heat shock proteins (HSPs) 

Expression and accumulation of some stress proteins are mostly associated to a rapid 

increase in temperature; hence they are called heat shock proteins or HSPs. Although 

increase in synthesis of HSPs reported in response to other abiotic stresses particularly 

exposed to heat stress (Ahsan et al., 2010; Huang and Xu, 2008; Nover et al., 2001). It is 

observed in all kinds of life from human to bacteria therefore induction of HSPs 

considered as a universal response to high temperature stress (Wang et al., 2003; 

Vierling, 1991). HSPs expression found restricted to certain developmental stages, like 

germination, pollen development, embryogenesis and fruit maturation (Prasinos et al., 

2005). They showed diverse, fast and intensive expression in all type of organism (Parsell 

and Lindquist, 1993; Wahid et al., 2007). HSPs are classified into five families including 

HSP100, HSP90, HSP70, HSP60 and sHSPs (small HSPs/40 kDa) in accordance to their 

molecular weight (Trent, 1996). Major HSPs showed highest homologous in structure 

among different organisms and showed induction at any stage of development in higher 

plants under heat stress condition (Vierling, 1991). Expression of HSP90 and HSP70 

under heat shock condition observed many folds and in plants all these HSPs are under 
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control of gene families. It is also observed that each gene family controlling induction of 

a specific protein have found in different cellular compartments like mitochondria, 

endoplasmic reticulum, chloroplast, membranes and cytosol (Waters, 1996).  

The tolerance mechanism conferred by HSPs against heat stress is still enigmatic 

although multiple roles have been ascribed. Studies on role of HSP in thermotolerance 

mechanism until now assert that they insure the native configuration and functionality of 

cellular proteins acting as molecular chaperones under heat stress. In acquisition of 

thermotolerance there is considerable evidence that synthesis and accumulation of HSPs 

is directly related with thermotolerance (Bowen et al., 2002). For instance, HSPs provide 

environment for newly expressed or missfolded proteins to fold into native shapes 

necessary for their normal functions. They also act as “garbage disposals” by transporting 

old proteins and help shuttling proteins from one to another compartment inside the cell 

(Zhang et al., 2005). Thermotolerance triggered by HSP is attributed because of (a) 

organism under heat stress induce its expression (b) they showed extremely fast and 

intensive biosynthesis and (c) their induction under heat stress observed in a wide variety 

of organisms and cells (Wahide et al., 2007). To ensure cell survival under stress 

condition HSPs  protect cell from damaging effect of stress particularly it act as 

molecular chaperons, evolved in  repair and refolding of unfolded proteins and 

transportation of stress damaged proteins (Wang et al., 2004).  

Scientist are trying to uncover the regulatory mechanism of HSP expression under normal 

as well as stress condition in most of the crops including rice. Although many reports 

supported that there are a significant difference in pattern of HSP expression and amount 

of HSP transcriptional activator that is heat shock factor (HSFs), in different types of 
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species and even among genotypes of same species (Banti et al., 2010). These heat shock 

transcription factors (HSFs), which is the key component to regulate expression of HSPs, 

have an important role in acquired as well as basal thermotolerance (Frank et al., 2009; 

Kotak et al., 2007). In activation and control of stress responsive gene expression and to 

transduction of signals, many reports supported the hypothesis that HSFs can play as 

molecular sensors under oxidative stress (Miller and Mittler, 2006; Volkov et al., 2006). 

Among other types of HSPs, thermotolerance of cells and tissues was much dependent 

upon up regulation of HSP70, in many plant species (Gurley, 2000). Studies on 

functional molecular biology proved that expression and accumulation of HSP70 had 

much relevance with abiotic stress tolerance (Abreu et al., 2013).  It is now well known 

fact that the enhanced expression of HSP70, assist in proteolysis, translation, 

translocation,  folding of newly thesis protein, refolding of denatured protein,  

aggregation and transportation of damaged proteins (Gorantla et al., 2007; Zhang et al., 

2010). In thermotolerant cultivars of  tomato, expression of HSP70 were maximum while 

lower induction of transcripts observed in heat susceptible cultivars (Frank et al., 2009; 

Bita et al., 2011). Similarly in grape genotypes, higher level of HSP70 and genes related 

to stress protection and metabolism were found in heat tolerant genotypes under elevated 

temperatures but even under normal temperature a tolerant genotype exhibited maximum 

heat shock gene expression (Zhang et al., 2005a). One of the prominent examples is 

barley in which high temperature tolerant cultivars had higher level of HSP70 while heat 

sensitive showed very low HSP70 expression (Kausar et al., 2013). Response of rice leaf 

proteome was investigated under high temperature stress at seedling stage by Lee et al., 

(2007). Heat responsive polypeptides found responsible in numerous cellular functions 
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like they are either involved in protection of native proteins, degradation of damaged 

proteins, biosynthesis, energy and carbohydrate metabolisms, or in redox homeostasis. 

Therefore, it is the general perception is that these heat stress response in rice, and many 

other crops also, is complicated process, involving up- or down-regulation of number of 

proteins and genes linked to multiple metabolic pathways (Zou et al., 2011). 

Identification and characterization of of genes/proteins potentially linked to abiotic 

stresses, mainly high temperature stress, is an important and practical step toward 

elucidating the mechanism involved in thermotolerance at molecular level and thereby 

leading engineered plants having enhanced tolerance to a particular stress (Kang et al., 

2010). Advancement in molecular biology such as proteome identification and 

characterization, helped in understanding and exploring the regulatory network of heat 

responsive proteins conferring thermotolerance in rice ultimately increased the chance of 

improving of this important crop for maximum yield despite the threat of high 

temperature stress (Zou et al., 2011).  

2.4 MECHANISM OF HEAT TOLERANCE 

Mechanisms manifested by plants to survive under extreme high temperatures may be 

short-term mechanisms like acclimation or avoidance showed through, alteration in 

compositions of membrane lipid, changing in leaf orientation, or through transpirational 

cooling etc. while long-term mechanism involved morphological and phenological 

adaptations. Another mechanism observed in many crop plants that is an escape 

mechanism in which smaller yield losses was attributed due to early maturation under 

high temperatures (Adams et al., 2001). Plants have emphasized on physiological and 

cellular protection and adaptation mechanism for different environmental cues due to its 
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immobility limits. Secondly they may expose at different developmental stages to various 

types of environmental stresses and different tissues may show variable response of 

mechanisms (Queitsch et al., 2000). Initially, signals like changes in temperature, osmotic 

or ionic effects, or membrane fluidity, to stresses would transduct signals downstream 

and activates processes and transcriptions to re-establish cellular homeostasis and repair 

damaged membranes and proteins and protect native proteins through activating stress-

responsive mechanisms. Late and improper responses in the signaling and gene activation 

processes at one or more steps during stress condition might ultimately result in 

destruction of structural and functional proteins and membranes leading to death of cell 

due to irreversible damages (Vinocur and Altman, 2005; Bohnert et al., 2006). This rapid 

acclimation response is assurance of thermotolerance not only plants exposed to heat 

stress but even plants growing in their natural distribution because they may also 

experience high temperatures that would be lethal. Acquisition of thermotolerance may 

elucidate more general responses and mechanisms adopted by plants that contribute to 

protect metabolism and homeostasis on a daily basis because plants can subject to 

fluctuations in diurnal temperature (Hong et al., 2003). Rather than linked to an abrupt 

heat stress event, heat episodes of mild stress should be viewed as responsible in 

acceleration of a mechanism with normal termination of key processes, during the plant 

cycle (Guilioni et al., 1997). It is a very important and have great practical to uncover the 

multiple strategies of plant responses and their roles in acquired tolerance to stress. 

Factors responsible in signaling cascades and control of transcriptions and translations, 

heat shock proteins (HSPs), late embryogenesis abundant proteins (LEA), ROS 

scavengers, osmolytes and ion transporters are essentially significant to counteract with 
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stresses and damage caused by stresses hence considered as major tolerance mechanisms 

(Wang et al., 2004). With the perception of high temperature, signaling and production of 

primary and secondary metabolites which leads a series of changes and mechanisms, that 

enable plants to cope with adversaries of heat induced damages (Wahid et al., 2007). 

These adversaries are notable at different levels, including biochemical pathways 

operative in cytoplasmic organelles or in the cytosol and in plasma membrane (Sung et 

al., 2003). Under thermal stress plants experience first effects on cell membrane, which 

shows excess leakage due to peroxidation of lipid bilayer, leading towards induction of 

Ca
2+

 influx and reorganization of cytoskeleton, which cause up regulation of calcium 

dependent protein kinase (CDPK) and mitogen activated protein kinases (MAPK). These 

attributes triggers the production of compatible osmolytes and antioxidants by signaling 

at nuclear level that leads to osmotic adjustment and cell water balance. One of the most 

important factors for signaling as well as induction of antioxidants is the production of 

ROS in chloroplast and mitochondria (Bohnert et al., 2006). Expression and activity level 

of antioxidants under stress condition is strongly correlated with acquisition of 

thermotolerance in most of the organisms and generally considered that antioxidant 

defense mechanism is a part of high temperature stress adaptation (Maestri et al., 2002). 

Accordingly, less oxidative damage, as a result of improved activities of APX, SOD and 

CAT, in wheat genotypes was correlated with the ability to acquire thermotolerance 

(Sairam and Tyagi, 2004). Expression and accumulation of heat shock proteins (HSPs), 

which, composed of many conserved protein families, with chaperonic activity exhibited 

imparting thermotolerance mechanisms. In the network of the chaperone machinery, in 

which many chaperones works in concert showed protective effects of HSPs to cop with 
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stress. Similarly it is noticed that the chaperones/HSPs during thermotolerance also 

interact with other mechanisms involved in stress tolerance (Wang et al., 2004). These 

chaperones also responsible in transduction of stress signals and induction of many genes 

(Nollen and Morimoto, 2002) in addition of cellular redox regulation (Arrigo, 1998). 

Similarly they also found interacting with various other mechanisms like production of 

antioxidants (Panchuk et al., 2002) and osmolytes (Diamant et al., 2001). Saturation state 

of membrane lipid is considered as key element in acquiring high temperature stress 

tolerance. For example, compared with the wild type, a mutant wheat line having better 

heat resistance capability, showed over production of trans-3-hexaldecanoic acid and 

linolenic acid upon exposure to heat treatment (Behl et al., 1996).  So, currently it is still 

need to elucidate that whether a lower or higher saturation degree of membrane lipid is 

beneficial for thermal stress tolerance (Klueva et al., 2001). Therefore, under high 

temperature stress the contribution of protein and lipid components to cell membrane 

thermostability (CMT) needs further investigations. Distribution of small HSPs with 

membrane of chloroplast suggested that they play a role in electron transport chain for 

efficient photosynthesis during heat stress (Heckathorn et al., 1998). Another key factor 

which can confer thermotolerance is the regulation of gene expression pattern. It is 

observed that patterns of expression of many genes have been altered by heat stress 

(Yang et al., 2006), either down regulating many other genes or inducing HSP (Yost and 

Lindquist, 1986). During high temperature stress native protein’s mRNAs destabilization, 

inhibition of splicing of some mRNAs may also occur. Regarding post transcriptional 

processes of HSP-encoding mRNAs it was hypothesized earlier that due to the absence of 

introns in genes of HSPs they could not be processed properly (Yost and Lindquist, 
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1986). Later it is proved that they have introns in their genes and processed properly 

during stress (Visioli et al., 1997). However, translation of HSP-encoding mRNA and 

post-transcription modifications under heat stress for mechanism of thermotolerance 

remains yet to be elucidated. 
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Chapter#3 

MATERIALS AND METHODS 

3.1 GENERAL EXPERIMENTAL DETAIL  

This research study designed to explore response of Rice (Oryza sativa L.) towards heat 

stress (42±2 °C) at seedling, flowering and grain growth stages. This research was 

conducted consecutively for three years, mid May to November 2011, 2012 and 2013. 

During the first year, response of eight rice cultivars were determined in terms of growth 

characteristics, cell membrane thermostability (CMT), peroxidation of lipid (MDA), 

oxidative stress (H2O2), osmolyte accumulation (Proline), protein quantification at 

seedling stage. During second year in addition of previous work,  prolifiration of total 

soluble protein through electrophoresis (SDS-PAGE), identification of molecular 

chaperon (HSP70) via western blotting and quantitative and qualitative (Native-PAGE) 

analysis of antioxidant, catalase (CAT), superoxide dismutase (SOD), ascorbate 

peroxidase (APX) and peroxidase (POD), enzymes ascertained at 20 days old seedlings. 

At later growth, flowering and grain filling, stages growth characteristics i.e. plant height 

(PH), shoot fresh weight (SFW), shoot dry weight (SDW), number of tillers per plant 

(TPP), panicle length (PL), number of grains per panicle (GPP), along with measurement 

of electrolyte leakage (RMP), hydrogen peroxide (H2O2), lipid peroxidation (MDA), 

accumulation of osmoprotectents (Proline), extraction and quantification of total soluble 

protein, extraction and quantification of reactive oxygen scavengers were carried out. 

During the last year in view of the past results and findings, changes in the expression 

and accumulation of heat induced chaperonin (HSP70) via immunoblotting and substrate 
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specific gel based activity of antioxidant enzymes (isoforms) was studied at flowering 

and grain filling growth stages of eight rice cultivars. All the experiments were carried 

out in the controlled growth chambers, green house and field of Karachi Institute of 

Biotechnology and Genetic Engineering (KIBGE) University of Karachi, Karachi 

Pakistan.    

3.2 SELECTION OF RICE CULTIVARS  

Rice cultivars used in this investigation kindly provided by Rice Research Institute, 

Dokri, Sindh Pakistan (Table 1). Some of the selected rice cultivars although cultivating 

in other areas of Pakistan but it is dominantly growing in Sindh province.  

Table 1: Name and some characteristics of rice cultivars used in this study 

S# Genotype 100 grains weight (g) Seed Size 

1 

2 

3 

4 

5 

6 

7 

8 

IR-6 

IR-8 

DR-82 

DR-83 

DR-92 

Kawal-95 

Sada Hayat 

Shahkar 

1.40 

1.45 

1.08 

0.97 

1.20 

1.12 

1.23 

1.18 

Small 

Large 

Medium 

Small 

Small 

Large 

Medium 

Medium 
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3.3 GROWTH CONDITION 

3.3.1 Temperature preview of rice field 

Rice were grown in the month of May and harvested during October and November for 

three years, 2011-2013. Three year’s data of mean temperature of seven months, May, 

June, July, August, September, October and November, of Karachi Sindh Pakistan, are 

presented in Fig. 1.  

10

20

30

40

May Jun Jul Aug Sep Oct Nov

Te
m

p
e

ra
tu

re
 (

°C
)

Months

AVERAGE TEMPERATURE FOR WHOLE STUDY 2011

2012

2013

 

Figure 1: Three year’s, 2011-2013, mean temperature of Karachi from the month of May-Nov. Source: Metrological 

department, Government of Pakistan, Karachi Region.  

3.3.2 Water and soil used in the study 

Soil and water used in this experiment were assessed according to the standard protocol, 

to minimize any other possible effects on rice growth and development. Brief 

methodology of water and soil analysis is given below.  
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3.3.2.1 Water analysis 

Fresh water used to irrigate rice field from seedling to maturity. Water provided with 

enough requirements for rice field. During each year, water and soil properties were 

assessed for its purity as shown in Table no. 2.    

3.3.2.2 Soil properties 

Some biochemical studies of soil are presented in the Table no. 2. The textural type of 

soil was analyzed with the reference of International Textural Triangle (Moodie et al., 

1959). For machenical analysis, the percentage of sand clay and silt were determined 

using hygrometer, with 1% sodium hexametaphosphate as the dispersing chemical. 

Chemical analysis was carried out using method of US Salinity Laboratory Staff 

(Richards, 1954). Saturated soil past extract were used to determine pH using pH meter 

while electrical conductivity of the soil determined with the help of EC meter. Water 

soluble potassium (K
+ 

), calcium (Ca
++

) and sodium (Na
+
) in the extract were assessed 

with flame photometer and nitrogen was estimated according to Bremner (1965). Soil 

available phophate were quantified using method of Watenbe and Olsen (1954).  Total 

soluble carbonate and bicarbonate in the soil were determined via titration with sulfuric 

acid as standard having phenolphthalein and methyl orange as indicator and chloride was 

calculated using Cl
- 

analyzer. Ratio of sodium adsorption was calculated using the 

formula:   

SAR = N
+/ [√ (Ca2+

 + Mg
2+/

2)] 
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Table 2: Some physio-chemical characteristics of soil and water used in the 

experiment. 

 

Physiochemical properties  2011 2012 2013 

Water properties 

         Electrical Conductivity (dS/m) 

         pH 

         Sodium adsorption ratio 

         RSC 

Soil Charateristics 

         Saturation percentage 

         Nitrogen percentage 

         Moister percentage 

         Available P (mg/ml) 

         K
+
 mg/Kg 

         Ca
2+

 mg/Kg 

         Soil texture 

         Sand (%) 

         Silt (%) 

         Clay (%) 

         pH 

         EC (dS/m)  

 

0.80 

7.07 

3.64 

1.89 

 

25 

0.58 

19 

5.9 

148 

10.5 

Sandy loam 

21 

14 

64 

8.3 

2.9 

 

0.81 

7.12 

3.68 

1.81 

 

26 

0.55 

17 

6.4 

142 

12.04 

Sandy loam 

20 

12 

65 

8.2 

2.7 

 

0.83 

7.00 

3.66 

1.94 

 

24 

0.57 

18 

6.1 

151 

11.4 

Sandy loam 

19 

16 

63 

8.1 

2.4 

 

3.4 SCREENING FOR GERMINATION POTENTIAL UNDER HEAT 

STRESS 

Seeds were first washed with tape and distilled water for 3-5 times and then dipped in 

70% ethanol for 20 seconds. 10% Sodium Hypochlorite (commercial bleach) were used 

for sterilization for 30 minutes. Seeds were rinsed five times with autoclaved distilled 
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water and then primed in water for overnight. Sterilized seeds were divided into two 

groups. One group was allowed to germinate in petri-dishes of 25 mm diameter with 

filter paper under normal temperature (28±2°C) considered as control (C) and the other 

group were treated with high temperature (42±2°C) stress for 24 h (T24), 48 h (T48) and 

72 h (T72) and then allowed to germinate in same type of petri-dishes of 25 mm layered 

with filter paper. Heat treated seeds after 24, 48 and 72 h of heat stress transferred to 

normal (28±2°C) temperature and allowed to germinate and seedling establishment. 

Germination was considered when the radical emerged through seed coat. Data were 

documented for two weeks from the day of beginning.  Number of germinated seeds 

counted after every two days till 10 days and then promptness index (P.I), germination 

stress index (GSI) were calculated for determination of germination potential using 

following formula according to Bouslama and Schapaugh (1984).  

P.I.          =   nd2 (1.0) + nd4 (0.8) + nd6 (0.6) + nd8 (0.4) + nd10 (0.2)  

Where “n” is number of seeds germinated at day d. In which nd2, nd4, nd6, 

nd8, and nd10 represent the germinated seeds after 2, 4, 6, 8 and 10 days, 

respectively. 

G.S.I. (%) = (P.I of stressed seeds / P.I of control seeds) x 100                

3.5 RICE CULTIVATION AND CROP HUSBANDRY 

3.5.1 Seedling Establishment 

For seedling growth, rice seeds soaked overnight in water. Seeds sowed in line at proper 

distance and allowed to germinate and establish seedling in plastic trays lined with sandy 

loam soil. For nursery, seedlings grew in natural sunlight as well as in controlled growth 
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chambers with daily mean temperature 28±2 °C and humidity 40-45%. 20 days old 

seedlings used to subject heat stress treatments. 

3.5.2 Flowering and maturity Stage   

Seedlings after 20 days transplanted in pots filled with 60-70% sandy loam soil. Each pot 

had approximately 10 seedlings and later thinned to 3-5 plants per pot. After 10-15 days 

of transplantation, fertilizer DAP nearly 3-5 g/ pot, were used. Plants were also nourished 

with full and half strength Hoagland nutrient solution (Hoagland and Arnon, 1950) after 

every second week up to maturity. Plants were watered every day at two times, early in 

the morning and evening and maintained in standing condition approximately 2-4 mm. 

Flowering started  nearly after 3 month while grain filling took 4 -5 month from the date 

of sowing. Average time for grain filling were 20 days after flowering starts. Cultivars 

showed differences in terms of flowering onset. DR-82, DR-83 showed early, IR-6, IR-8, 

DR-92, Sada Hayat and Shahkar showed mid while K-95 showed late flowering. Similar 

pattern also observed at grain filling stage.  

3.6 STRESS TREATMENT 

Heat stress was applied at seedling stage in controlled growth chambers while at later 

growth stages heat shock room was used. Plants maintained at 28±2 °C and plants 

collected 24 hours before heat stress and it was considered as control (C). Then plants 

exposed to heat stress with gradually increasing temperature and maintained at 42 °C. 

Temperature was raised with the help of electric heaters installed as well as white lights. 

Light were supplemented with white fluorescent tube lights and mercury lamps fixed to 

the walls on four sides. In the stress room at leaf surface area of rice plants 
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photosynthetically active radiation (PAR) were maintained in the range of 700-900 

µmole m
-2

 s
-1

. The minimum requirement of PAR for a C3 plant is 500-600 µmole m
-2

 s
-

1
. Heat stress was given at 42±2 °C during day for 16 h while at 38±2 °C during night.  

Humidity was maintained in the range 55-60% with the help of water vapors, allowed to 

evaporate in water tub. Light intensity, humidity and temperature were recorded carefully 

during day and night on daily basis. For data recording and watering during stress 

protective measures were taken. Rice plants were collected after 24, 48 and 72 h of heat 

stress and named the treatments as T24, T48 and T72, respectively. After 72 h of heat 

stress, stressed plants again transferred to field for recovery treatments and again 

collected plants after 24, 48 and 72 h of recovery and named as R24, R48 and R72, 

respectively. Plant height, fresh weight, electrolyte leakage and concentration of 

hydrogen peroxide (H2O2) were determined on the day of treatment using fresh leaves 

while remaining leaf tissue stored at -80 °C for biochemical and proteomic analysis. 

3.7 DATA RECORDING 

Response of rice cultivars towards high temperature stress in terms of physical, 

physiological, biochemical and molecular parameters were recorded at each treatment 

during the three growth stages of rice plant. 

3.7.1 Growth and yield data 

3.7.1.1 Plant height (cm/plant) 

Measurement of average plant height from surface of the soil to tip of the plant at each 

growth stage were carried out using 10-15 plants after each treatment and expressed as 

cm/plants. Plants were selected randomly according to SSR of IRRI.   
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3.7.1.2 Fresh and dry weight (gm/plant) 

According to Standard System for Rice (SSR) evaluation of IRRI, approximately 10 

plants from each treatment were used to determine shoot fresh weight. Determination of 

shoot fresh weight was carried out using electrical balance and expressed as grams/plant. 

Same number of plants of each cultivar after temperature treatments were kept in oven at 

70 °C for 2-3 weeks for dry weight analysis and expressed in grams/plant. 

3.7.2 Cell membrane thermostability (CMT) 

Relative membrane permeability (RMP) in terms of percentage (%) measured by 

assessing electrolyte leakage (EC) according to Yang et al., (1996). Fresh leaves were cut 

into small pieces and then socked in 20 ml distilled water and vortexed. Initial electrical 

conductivity (EC0) was determined after 10 minutes, while EC1 was determined after 

incubation of the tubes for overnight at 4°C. The tubes were then autoclaved and 

measured total electrolyte leakage (EC2). Same steps repeated three times and then 

analysis of RMP (%) was carried out using the equation for comparison of cultivars 

CMT.  

RMP (%) = [(EC1-EC0)/(EC2-EC0)] X 100.  

3.7.3 Lipid peroxidation analysis  

Content of melondialdehyde (MDA), a byproduct of membrane lipid peroxidation, was 

assayed according to Heath and Packer (1968). For this 0.1 g leaf samples were 

homogenized with pestle and mortar using 5% tetracholoroacetic acid (TCA) as 

extraction solution. Supernatant were collected into new tube after centrifugation at 

12000 rpm and 4 °C for 15 minutes.  1 ml of 0.5% thiobarbituric acid (TBA) mixed with 
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supernatant and boiled at 95°C for 30 minutes. The mixture allowed to cool and spinned 

at 7500g for 5 minutes at 4 °C. MDA absorbance were measured first at 532 nm by 

spectrophotometer and again at 600 nm. 5% TCA were used as blank. With the help of 

following formula MDA were calculated. 

MDA (nmole/L) = (A532-A600/15500) x 10
6
 

*15500 is absorbance co-efficient.  

3.6.4 Quantification of hydrogen peroxide (H2O2)  

According to Jessup et al., (1994) hydrogen peroxide (H2O2) content was assayed. For 

this 0.5g leaf tissue homogenized with 0.1% TCA. The extract then centrifuged for 15 

minutes at 12000 rpm. Supernatant was collected into new tube and 0.5 ml potassium 

phosphate buffer (pH 7.0) and 1 ml of potassium iodide (KI) was added. Vortexed the 

mixture and absorbance were taken at 390 nm. Amount of H2O2 were calculated against 

standard curve of hydrogen peroxide.  

3.7.5 Osmolyte accumulation (Proline)  

Accumulation of proline was determined using the method of Bates et al., (1973). For 

this 100 mg of leaf tissue homogenized with 2ml of 3% sulphosalicyclic acid (SSA). The 

extract centrifuged at 1200rpm for 10 minutes. 2ml acid ninhydrin solution (dissolved 

1.25g ninhydrin into 30 ml of glacial acetic acid and 20 ml of 6M orthophosphoric acid) 

along with 2ml glacial acetic acid mixed with supernatant. The mixture then heated at 

100 °C for 1hr and transferred the mixture on ice to terminate reaction. It was followed 

by the addition of 4ml toluene and vortexed for 15-20 seconds. Proline content was 

determined spectrophotometrically using the chromophore part for absorbance at 520nm. 
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Proline amount was calculated using standard curve against known proline concentration 

(10-50 µg/2ml) and by using the equation. 

Proline (µM/g FW) = (µg proline/ml x ml toulene) /115.5 µg /µM 

                                              g sample / volume of ex 

 

3.7.6 Antioxidant enzyme analysis 

3.7.6.1 Enzyme extraction 

Fresh leaf tissue of rice cultivars after each treatment was used to extract antioxidant 

enzymes according to Springer protocol (Elavarthi et al., 2010). For this 0.1gm leaf 

samples homogenized using mortar and pestle in 1.2ml enzyme extraction buffer [K.P 

buffer (0.2 M, pH7.8), with EDTA (1 mM), PVP (1%), PMSF(1 mM)]. Centrifuged the 

homogenized mixture at 13000 rpm at 4°C for 20 minutes. Pellet resuspended in 0.8ml 

K.P. buffer and centrifuged again. Both the supernatant mixed and stored at 4°C for 

enzyme quantification and Native-PAGE studies. 

3.7.6.2. Quantitative analysis of antioxidant enzyme  

A. Superoxide dismutase (SOD) 

SOD units quantified as reported by Springer protocol (2010), Beauchamp and Fridovich 

(1971), Giannopolitis and Chloride (1977) and Dhindsa and Matowe (1981).  

Principle 

When superoxide radicals i.e. H2O2 reacts with nitroblue tetrazolium (NBT) it reduces to 

blue compound monoformazon from yellow. Superoxide dismutase (SOD) also inhibits 

NBT and decomposes it. Quantification of SOD enzyme is based upon the competitive 
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inhibition of NBT by SOD and superoxide radical. Near-neutral pH and in the presence 

of superoxide dismutase (SOD) the rate of dismutation of superoxide radicals increases 

many folds. At the end of the reaction, color forms which can be measured at 560nm. 

Reagents 

1. Buffer of potassium phosphate (K.P) ( pH 7.8, 50 mM)  

2. EDTA (1 mM). 

2. 10 mM L-Methionine. 

3. 50 µM NBT.  

4. 0.0025% Triton-X100  

5. 1 mM Riboflavin  

Procedure 

Reaction mixture (3ml) prepared containing K.P buffer with EDTA, l-methionine, 50 µM 

NBT and Triton-X100 (0.025%). 20 μl of riboflavin and 20 ml of sample were mixed 

with the reaction mixture and the reaction initiated via illuminating the mixture under a 

15 W light source. Four tubes containing similar reaction mixture except enzyme extract 

were prepared and two of them kept in the light without enzyme while other two with 

enzyme extract were kept in dark and used as blanks. All the tubes placed in a box 

covered with aluminum foil during the 15-min light exposure. Test tubes were placed on 

a shaker with slow rotation at 12-15 cm distance from the fluorescent tube. The reaction 

was stopped by turn off the light and after 1-2 min absorbance was measured at 560 nm. 

1 unit was considered at 50% inhibition of the reaction mixture and expressed as U/g FW. 
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B. Ascorbate Peroxidase (APX)  

With the help of Nakano and Asada (1981), Yin (2008) and Springer (2010) protocols 

quantitative analysis of ascorbate peroxidase (APX) performed. 

Principle 

Ascorbate peroxidases (APX) have an important role in detoxifying peroxides i.e. H2O2 

produced under stress conditions both in the cytosol and in the chloroplasts. Within the 

cell for the decomposition of H2O2, ascorbate donates free electrons. Therefore, 

quantification of ascorbate peroxidase units per mg protein was carried out by the decline 

in absorbance at 290nm.  

Reagents 

1. K.P buffer (50 mM, pH 7.0)  

2. Ascorbic acid (1 mM)  

3. H2O2 (0.5 mM)  

Procedure 

Decrease in absorbance due to oxidation of ascorbate measured at 290nm for after every 

20 sec.  The 3 ml reaction mixture having enzyme extract (10 μl) with combination of 

K.P buffer (pH 7.0), ascorbic acid, H2O2. To initiate the reaction, H2O2 added at last. The 

enzyme unit calculated and expressed as U/min/ml/ g FW according to Hameed et al., 

(2011). One unit of enzymes was considered at 0.001 change occurred in absorbance.    
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C. Catalase (CAT)  

CAT units quantified according to Aebi and Lester (1984), Luck (1974) and Jiang and 

Huang (2001). 

Principle 

CAT is an enzyme which has iron as co-factor at its active site that catalyzes the 

degradation of hydrogen peroxide (H2O2) into water (H2O) and O2. CAT enzyme mostly 

occures in the cytoplasm as well as in peroxisomes. As a result of decomposition of H2O2 

the possibility of generation of the reactive oxygen species via Fenton and Haber-Weiss 

process in the cell decreases. Therefore decomposition of H2O2 cause in the presence of 

catalase (CAT) enzyme therefore decreasing in absorbance can be recorded at 240 nm. 

Unit of CAT is quantified as the decrease in absorbance of H2O2 per unit time and 

expressed as U/min/ml/g FW according to Hameed et al., 2011.  

Reagents 

1. Same K.P buffer used for CAT and SOD  

2. 15 mM H2O2. 

Procedure 

It was assayed as decrease in absorbance of H2O2 at 240nm after every 20 sec till for 3 

min. 50 µl leaf enzyme extract added to initiate reaction in mixture containing K.P buffer 

and H2O2. 0.01 change in absorbance per min considered as 1 U of enzyme and expressed 

in terms of units per minute per ml per gram fresh weight. 
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D. Peroxidase (POD)  

For quantitative analysis of peroxidase, the method proposed by Rao et al., (1990) and 

Polle and Seifert (1994) was employed. 

Principle 

Guaiacol is used as substrate for the activity of peroxidase (POD). Guaiacol oxidizes in 

the presence of H2O2 by peroxidase. Upon binding of oxygen molecule, its color change 

into yellowish brown that absorbs maximum light at 470nm.  

Reagents 

1. K.P buffer (50 mM, pH 7.0). 

2. Guaiacol (2.7 mM) 

3. H2O2 (2 mM) 

Procedure 

Potassium phosphate buffer (50 mM, pH, 7.0) prepared from 200 mM K.P buffer. 2.7 

mM Guaiacol, enzyme substrate, mixed with K.P buffer. Hydrogen peroxide (2 mM) also 

added in reaction mixture. Finally 50 microliter enzyme extract added and mixed with the 

reaction mixture. Before addition of enzyme extract absorbance were taken for blank.  

Oxidation of guaiacol monitored after 20 sec till 3 min at 470nm.    

3.7.6.3 Qualitative (Native-PAGE) analysis of SOD and POD 

For qualitative analysis of antioxidant enzymes, superoxide dismutase (SOD), and 

guaiacol type peroxidase (POD), non-denaturing polyacrylamide gel electrophoresis 

(Native-PAGE) was performed as described by Davis (1964). Tris-HCl (4mM) and 



 50 
 

glycine (38 mM) having pH, 8.8 used as running buffer. For POD 7.5% and 3.5% while 

for SOD 10 % and 5 %, resolving and stacking gel were prepared respectively. Enzyme 

extract were mixed with sample dilution buffer (SDB), 0.0625M tris-buffer (pH 6.8), 

10% glycerol, 2-mercaptoethanol and bromophenol blue (0.025%), at 1:1 ratio. 

Electrophoresis performed at 80 V for SOD while at 70 V for POD at 4°C.  

SOD  

Staining of SOD were carried out according to the combined protocol of Beauchamp and 

Fridovich (1971), Shah et al., (2012), Lee et al., (2001) and Kim et al., (2005). 

Superoxide dismutase (SOD) enzyme showed presence as colorless bands after 

incubation in 0.25 mmol L
-1

 NBT for half an hour. Followed treated with K.P. buffer 

(pH, 7.0) for 30 min having 0.026 mM riboflavin and 0.2% TEMED and then the gel 

exposed to light by fluorescent tubes. This led to the development of colorless zones 

where SOD localized remaining purple color was due to insoluble formazon.  

POD  

Qualitative analysis of POD was carried out while treating the gel with K.P buffer (pH 

6.0) in which guaiacol (20 mM) used as substrate along with H2O2 (0.01%). The gels kept 

in dark for 15-20 min as described by Woodbary et al., (1971) and then visualized in 

light. Orange-brown bands of POD observed and then preserved the gel for image 

analysis.  
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3.7.7 Identification of heat stress induced proteins 

3.7.7.1 Protein extraction 

Total soluble proteins extracted using QB buffer (Ni et al., 1996). For this 100 mg leaf 

tissue were homogenized in 1.5 ml of buffer and then centrifuged at 12000 rpm for 15 

minutes. Liquid part was separated into other tube and the pallet was redissolved again in 

0.5 ml QB buffer and repeated the centrifugation process. Both supernatant mixed and 

then stored at -20°C for further analysis.  

3.7.7.2 Protein quantification  

Concentration of total soluble protein was calculated through Bradford (Bradford, 1976) 

assay. Commasie brilliant blue, G-250, dye were used as Bradford dye. Protein standard 

curve was constructed by using known concentration of bovine serum albumin (BSA) 

(10-100 µg/µl). For protein analysis, 3ml reaction mixture containg Bradford dye (200µl), 

0.15N NaCl, distilled water and protein sample vortexed and read at 595nm. Protein 

quantified by following equation. 

                 Protein mg/ml = slope x absorbance / ml of extract used.   

3.7.7.3 Protein fractionation on polyacrylamide gel 

Extracted proteins resolved on polyacrlamide (SDS-PAGE) gel using Laemmli method 

(Laemmli, 1970).  Details of buffers and compositions are given below. 

a. 30% acrylamide solution. Acrylamide (29.2g) and bis-acryamide (0.8g) 

dissolved in 100 ml distilled water and stored in refrigerator covered with 

almonium foil.  
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b. Resolving buffer (Tris-base, 1.5 M, pH 8.8).  Trizma base (36.6g) dissolved in 

distilled water and made the volume up to 200ml and adjusted pH at 8.8. The 

solution stored in refrigerator and used.  

c. Stacking buffer (Tris-base, 0.5 M, pH 6.8).  21.1g of tris-base dissolved in 

150ml of distilled water and after the adjustment of pH at 6.8 final volumes 

adjusted at 200ml.  

d. Running buffer (10 X). For electrode buffer preparation trizma base (30.3 g) and 

glycine (144g) dissolved in 600ml of distilled water. 10 gram of sodium dodecyle 

sulphate (SDS) also dissolved and then final volume was made till 1000ml. 

Running buffer pH was adjusted at 8.3.   

e. 10% Sodium Dedocyle Sulphate (SDS). For this 10 g of SDS dissolved in 100 

ml distilled water and stored refrigerated for further use.  

f. 10% Ammonium Sulphate (APS). Ammonium sulphate used freshly at every 

gel preparation therefore it was not prepared as stock. For fresh preparation 1g of 

APS was dissolved in 1ml distilled water.  

g. Cracking solution. Cracking solution was prepared as sample dilution buffer and 

used 1:4 ratios during electrophoresis. Solution was contain, stacking buffer (pH 

6.8), sucrose, bromophenol blue, SDS and ß-mercaptoethanol. Mercaptoethanol 

was added prior to use. 

h. Fixing solution. Before protein visualization in CBB the gel was immersed in 

fixing solution. Ethanol (40ml) and acetic acid (10) mixed with distilled water for 

final volume 100ml.  
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i. Staining solution. Protein staining was performed in Commasie Brillient Blue G-

250 (CBB). For this stock solution of CBB were prepared in ethanol (95%) and 

ortho-phosphoric acid (87%). 0.1g/l of CBB dissolved in 1:2 ratio of ethanol and 

orthophosphoric acid respectively. For working solution 4ml stock dye were 

mixed with 3.4 ml ethanol, 8 ml orthophosphoric acid and the volume adjusted 

100 ml by distilled water.  

Procedure  

Resolving (12.5 %) and stacking (6.25%) gel was prepared by the combination of, 

acrylamide and bis-acrylamide solution, resolving and stacking gel buffers, SDS, APS, 

TEMED and distilled water according to Laemmli (Laemmli, 1970). 0.75mm spacer 

plates (Biorad) were used to cast the gel.  For sample preparation, protein samples (30-

40µg) mixed with cracking solution in 1:4 ratio and heated at 95 °C nearly 30-40 sec, 

cooled and vortexed again prior to load. 10-15 µl sample loaded per well. Protein samples 

of each cultivars at each growth stage were electrophoresed on two simultaneously 

running gels at 80 V. Protein markers with known molecular weight including Perfect 

Protein
tm

 Markers (10-225kDa Cat# 69079), GeneDireX PiNK prestained protein ladder 

(Cat#PM005-0500) and  BioRad SDS-PAGE Standards Broad range (Cat#161-0317) 

were used (5 µl) for each electrophoresis. One of the SDS-PAGE gel was used to stain 

the protein and compare with known molecular weight markers. The second one was 

used for blotting and immunodetection of molecular chaperon HSP70. For commasei dye 

staining the one SDS-PAGE gel was dipped into fixing solution first for 20 min and then 

into staining solution for further 20-30 min. Later it kept in distilled water overnight for 

destaining. The gels were scanned and used for image analysis.      
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3.7.7.4 Western blotting 

Second SDS-PAGE gel excised from the gel casting plate and used to blotting the protein 

on nitrocellulose (0.45µm, pore size) membrane according to the Towbin et al., (1979). 

Brief description of the protocol and buffers, chemicals used are following.  

a. Transfer buffer, Tris-base saline (TBS). For 10X transfer buffer, 24.2 g tris-

base and 90g glycine were dissolved in distilled water and the final volume were 

adjusted at 1000 ml after pH adjustment at 8.3 (Marshal et al., 1991). For working 

1X buffer prepared from 10X TBS.     

b. Tris-base saline Tween-20 (TBST). This buffer were prepared for antibody 

dilution and washing after antibody incubation. For this 1.21g tris-base, 4g NaCl 

dissolved in distilled water. 0.5 ml of Tween-20 also added in this solution and 

the final volume adjusted at 500ml. Sometime 10X TBST were prepared and 

stored at refrigeration till further use.  

c. Blocking solution (500ml). 5% non-fat milk used as blocking buffer. Non-fat 

milk purchased from local market. 5 g of non-fat milk dissolved in 100ml TBST 

buffer.  

d. Primary antibody (Monoclonal). 100µl of mouse mAb to HSP70 (N27F34), 

were purchased from Abcam (ab69561). For working concentration 1:10,000 

primary antibody were used by adding 1µl in 10ml TBST.  

e. Secondary antibody solution (Polyclonal). 1mg per ml (1.1ml/ml) rabbit 

polyclonal antibody against Ms IgG, alkaline phosphatase (AP) associated, 
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purchased from Abcam (ab6729; lot: 893921). 1:10,000 dilutions were used for 

secondary antibody treatment, in TBST.   

f. Alkaline phosphatase buffer (ALPH). Alkaline phosphatase buffer  were 

prepared by mixing 10ml Tris-HCl (1M), 2ml NaCl (5M), MgCl2 (1M) in distilled 

water and the volume adjusted 100 ml after pH maintained at 9.5 and the solution 

stored in refrigerator for months. 

g. Nitroblue Tetrazolium (NBT).  NBT were purchased from Bio-Rad. 0.1mg NBT 

dissolved in 1 ml 70% demethylformamide and it was stored in small aliquots at 

4°C.  

h. Bromochromoindolyl phosphate-disodium salt (BCIP). BCIP also purchased 

from Bio-Rad. 0.1mg of BCIP were dissolved in 1ml distilled water and the 

solution divided into 30 µl small aliquots and stored at -20 °C.  

Procedure  

The proteins separated by SDS-PAGE were electrophoretically transferred to a 

nitrocellulose membrane (0.45 µm) by means of a Mini Protein Cell transfer tank using 

Towbin et al. (1979) methodology. Before blotting nitrocellulose membrane soaked in 

transfer buffer (IX, TBS) for 20 minutes. Second SDS-PAGE gel after electrophoresis 

excide from the plate and dipped into transfer buffer (TBS, 1X) for nearly 20 min. 

Assembled the membrane and gel between sponge pads in sandwich form facing gel 

towards negative electrode. The transfer was performed using chilled transfer buffer 

during 1h at 100 V and 4°C with ice blocks. After protein blotting the membrane 

incubated in 5% blocking solution overnight and then probed with primary antibody for 
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2-4 h with concentration of 1:10,000. The membrane then washed 3 times with TBST 

buffer for removal of excessive antibody. Then using rabbit polyclonal antibody (2°Ab) 

against Ms IgG, alkaline phosphatase (AP) conjugated, diluted to 1:10,000, probed with 

the membrane for 1 hr. Thereafter the blot was developed with ALPH containing BCIP 

and NBT till the bands visible. The blot then rinsed with 10% acetic acid and washed 

with distilled water and dried. Scanned the membrane and used for image analysis. 

3.8 Statistical test 

Analysis of variance (ANOVA) performed to test significance of the result using SPSS 

17v. Significant considered at the p < 0.05 level. Test for normality of data were done 

using LSD. In addition correlation was determined among the growth parameters at each 

growth stages.   

3.9 Chemicals 

The chemicals used in this study purchased from, Bio-Rad, Sigma, Merck, BDH, and 

other high quality companies.  
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Chapter#4 

RESULTS 

Comparative response for thermotolerance in eight rice cultivars, IR-6, IR-8, DR-82, DR-

83, DR-92, K-95, Sada Hayat, and Shahkar was studied at seedling, flowering and grain 

filling stages of rice growth. Determinations were made in terms of changes in growth 

and yield characteristics along with cell membrane thermo-stability, H2O2 concentration, 

lipid peroxidation content (MDA), osmolyte accumulation (Proline), expression of 

molecular chaperon (HSP70) and antioxidant enzymes (SOD, CAT, APX and POD), 

under control (28±2 °C), heat stress (42±2 °C/38±2 °C,  day time / night time)  for 24h 

(T24), 48h (T48), 72h (T72) and during recovery (28±2 °C) for 24h (R24), 48h (R48), 

72h (R72), at above mentioned rice growth stages. At germination stage, promptness 

index (P.I.) and germination stress index (G.S.I.) were evaluated. Findings of the above 

study are as under:   

4.1 GERMINATION STAGE ANALYSIS 

At germination stage, screening of eight rice cultivars for thermotolerance was carried 

out on the basis of speediness to germination and germination percentage, under high 

temperature stress.  

4.1.1 Promptness Index (P.I.) 

Promptness index (P.I.) is the ratio of speediness to germination between non-stressed 

and heat stressed seeds. These stressed and non-stressed seeds then allowed to 

germination in laboratory condition for 10 days. After every 2
nd

 day, number of 
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germinated seeds counted and determined promptness index (P.I.), according to the given 

formula. Under control condition, rice seeds showed more rapid germination and within 

less time as compared to heat shocked seeds, which showed late germination. Statistical 

analysis showed significant (p<0.05) differences among cultivars (C), treatments (T) and 

their interaction (C x T) for this attribute (Fig. 2).  

Under control condition, cultivar “IR-8” had maximum P.I. followed by “DR-82” while 

“DR-83” showed minimum P.I. as compared to others. Heat stress treatment for 24h 

(T24), showed highest P.I. in “IR-8” and “DR-82” while after 48h (T48), “K-95” and 

“Sada Hayat” had maximum P.I. among the group. At T72, cultivar “K-95” exhibited 

maximum P.I. as compared to others while lowest P.I. showed by cultivar “DR-82” and 

“Shahkar”.  

 

Figure 2: Effect of heat stress (42 ±2 °C) on promptness index (P.I.) of eight rice cultivars during germination. 

4.1.2 Germination Stress Index (G.S.I.) 

Number of germinated seeds from total seeds were also compared between heat stressed 

and non-stressed seeds for germination stress index (G.S.I.). The results showed that 

cultivar (C), treatments (T) and interaction (C x T) had significantly (p<0.05) differences 
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for G.S.I. Temperature treatments exhibited that only  “Sada Hayat” and “K-95” had 

highest germination percentage, at T24 and T72 respectively. Varietal differences were 

observed for this parameter at different temperature regimes and  lowest germination was 

exhibited by “DR-83” and “DR-92” at T24, “IR-6” and “DR-82” at T48 while “Shahkar” 

and “DR-82” at T72 (Fig. 3). 

 

 Figure 3: Effect of heat stress (42 ±2 °C) on Germination Stress Index (G.S.I.) of eight rice 

cultivars at germination stage.  

4.2 Growth and yield analysis 

4.2.1 Growth attributes 

4.2.1.1 Plant height (cm/plant) 

Plant height from surface of soil to the tip of the plant was observed at seedling, 

flowering and grain filling stage. At seedling and grain filling stage, cultivars showed 

significant (p<0.05) differences in plant height but the differences between treatments 

were not significant (p>0.05). At flowering stage, both cultivars (C) and treatments (T) 

and their interaction (C x T) showed significant (p<0.05) differences for this parameter 

(Fig. 4).  
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Figure 4: Plant height (PH) in cm per plant of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada 

Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling, under normal (28±2 °C) (C), heat 

shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h 

(R72). 
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C = p < 0.05 

T = p > 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p > 0.05 

C X T = p < 0.05 
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At seedling stage, under control condition cultivar “K-95” had heighest plant height 

(20.14 cm) while “DR-82” and “Sada Hayat” had shortest (12cm) plants, among the 

group. Under heat stress condition, after 24h (T24) maximum height observed in 

“Shahkar” (16cm)  while minimum height exhibited by “Sada Hayat” (8cm). After 48h of 

heat stress (T48) minimum (12cm) and maximum (21cm) height exhibited by “Sada 

Hayat” and “K-95”, respectively. Similar results were also found after 72h (T72) with 

18.5cm and 9cm respectively. Upon recovery treatments for 24h (R24), 48h (R48) and 

72h (R72), “K-95” again showed maximum plant height as compared to others but 

minimum height was observed in “DR-82” after 24h (R24) and in “Shahkar” and “Sada 

Hayat” after 48h (R48) and 72h (R72), respectively.   

At flowering stage, highest plant height (118cm), was observed again in cultivar “K-95” 

while shortest height (78cm) was evident for “IR-6” before heat stress application (C). 

During heat stress condition for  24h (T24), 48h (T48) and 72h (T72),  “K-95” had  

heighest plant heights (110cm), (108cm) and (92cm) respectively, among the cultivars. 

While “IR-8” had 58cm (shortest) plants at exposure of 72h (T72) heat shock. At this 

stage all recovery treatments (R24, R48 and R72) exhibited that “K-95” with longest 

plants having 98, 102 and 108cm height at, respectively.   

During grain filling, under control conditions, “K-95” and “Shahkar” were tallest while 

“IR-8” was shortest among the group.  “K-95” manifested the same trend for highest 

plant height at maturity stage for all the heat stress treatments, 24h (T24), 48h (T48) and 

72h (T72), as expressed in above growth stages. While minimum plant height was 

observed for  “DR-83” (50cm), “Sada Hayat” (58cm) and  “Shahkar” (70cm) for 24h 

(T24), 48h (T48) and 72h (T72) respectively . Similarly during recovery treatments, 
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varietal differences were observed for this parameter except “K-95” with highest plant 

height. The overall result showed “K-95” comparatively was longest, at all three growth 

stages, among the group. 

4.2.1.2 Shoot fresh weight (SFW) (g/plant) 

At all three growth stages, cultivars (C), treatments (T) and their interaction (C x T) 

showed significant (p<0.05) differences for shoot fresh weight (Fig. 5).  

At seedling stage, relatively highest shoot fresh weight was observed in “IR-6” and “DR-

83” with 0.27g while “Sada Hayat” and “Shahkar” exhibited minimum (0.14g), under 

control conditions (C). But remarkable reduction in this parameter was well evident in 

“DR-83” under all heat stress treatments. Highest fresh weight was observed in “IR-8” 

and “K-95” on exposure of heat stress treatment T48 (48h), while in “DR-92” on T72 

(72h).  Upon recovery treatments, cultivar “IR-8” manifested increasing and maximum 

fresh weight while “DR-83” had lowest shoot fresh weight as compared to others.   

At flowering stage, non-stressed plants (C) of “K-95” showed highest shoot fresh weight 

(55.4g) while lowest was observed by “IR-8”, “DR-82” and “DR-83” having 

approximately 36.1g. Upon exposure to all heat stress treatments, “K-95” had maximum 

fresh weight, while minimum weight was observed in “DR-83” (16.6g) at T24 (24h), 

“DR-83” (10.8g) at T48 (48h) and “DR-92” (4.1g) at T72 (72h). After 24 h of recovery 

treatment “DR-83” showed minimum fresh weight (9.1g) after “IR-8” (8.1g) while at this 

treatment maximum shoot fresh weight were observed again in “K-95” (28.1g). Similar 

results were observed at R48 (48h), R72 (72h), by observing highest fresh weight in “K-

95” (45.1g).   
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At grain filling stage, it is evident that “K-95” had maximum fresh weight not only in 

control conditions but in all heat stress treatments as observed in flowering stage. While 

minimum fresh weight was recorded in “IR-8” (19.5) and “DR-83” (19.6), respectively. 

“DR-82” (12.7g) and “DR-83” (15.0g) exhibited minimum shoot fresh weight among the 

cultivars on exposure of T24 (24h). Only cultivar “Sada Hayat”  exhibited lowest fresh 

weight (11.3g and 11.09g) for  heat stress T48 (48h) and T72 (72h) respectively. During 

all recovery treatments maximum fresh weight was observed in “K-95” only while 

minimum was explored by “Sada Hayat” (12.40g) after R24(24h), “DR-82” (12.3g) after 

R48 (48h) and “Sada Hayat” (15.4g) after R72 (R72), 
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Figure 5: Plant fresh weight (FW) in gm per plant of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, 

Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling, under normal (28±2 °C) (C), heat 

shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h 

(R72). 

 

 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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4.2.1.3 Shoot dry weight (SDW) (g/plant) 

Analysis of shoot dry weight revealed significant (p<0.05) differences among cultivars 

(C), treatments (T) and their interaction (C x T) (Fig. 6). At all three growth stages 

analysis of shoot dry weight revealed that heat stress reduced dry mass production upon 

application of thermal stress but the reduction in dry weight were significantly different 

among cultivars. Among them, “K-95” exhibited highest shoot dry weight at all growth 

stages, most prominently at flowering and grain filling stages.      

At seedling stage, under normal condition (C), “K-95” was highest with 0.0270g while 

“DR-92” with 0.0160g had highest and lowest shoot dry weight, respectively. While on 

heat shock treatments  for 24h (T24), 48h (T48) and 72h (T72h) “K-95”  manifested 

maximum (0.0230g) , (0.0240g) and (0.0140g)  respectively among the cultivars. While 

minimum dry weights were evident by cultivars “DR-82” (0.014g) after 24h (T24) and 

“DR-92” (0.0140g)  after 48h (T48).  Similarly at 72h (T72), minimum shoot dry weight 

again exhibited by “DR-92” and “Shahkar” with 0.0245g and 0.0130g, respectively. 

During recovery treatments, heighest dry weight was observed for K-95 after 24h (R24) 

and 48h (R48) relatively, while “DR-82” and “DR-92” exhibited minimum dry weights 

among the cultivars. However, after 72h of recovery treatments, “Sada Hayat” showed 

highest dry weight while “DR-92” had lowest dry weight.   

At flowering stage, control treatments manifested that “K-95” (18g) and “Shahkar” (17g) 

exhibited the highest plant dry weights while “IR-6” (10.5g) and “Sada Hayat” (10.5g) 

showed minimum dry weights as compared to others. Application of high temperature 

stress for 24h (T24), explored that “K-95” (13g) had highest dry weight among the group, 

and “DR-82” (6g) had lowest. Same patteren of dry weights was observed in all other 
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heat stress treatments for K-95 and Dr-82. Maximum time of exposure to heat shock 

condition (T72) also showed that “K-95” had highest (8g) dry weight while “DR-83 and 

“Shahkar” had lowest (3g) dry weight among the group.  Similar results observed during 

recovery treatments also having maximum dry weight manifested by “K-95” while “DR-

83” and “Shahkar” comparatively showed lowest dry weight.  

At grain filling stage, under control condition, “DR-92” had lowest (6g) while “K-95” 

had highest (15g) shoot dry weight.  During heat treatment although “K-95”  was evident 

of highest dry weights  by showing minimum reduction,  while minimum dry weights 

were observed  by “DR-92” and “Sada Hayat” as compared to the other cultivars. During 

recovery treatments, again “K-95”   had maximum dry weight while “Sada Hayat” had 

minimum.  

The pattern of shoot dry weight for heat stress application manifested that heat stress 

declined dry weights on gradually increasing episodes of heat while recovered during 

recovery treatments. The overall outcome of this attribute manifested that “K-95” had 

highest shoot dry weight among the group.   
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Figure 6: Dry weight (DW) in gm per plant of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada 

Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling stage, under normal (28±2 °C) (C), heat 

shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h 

(R72). 

 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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4.2.1.4 Tillers per plant (TPP)  

At flowering and grain filling stage, number of tillers per plant was also counted after each 

treatment (Fig. 7). At flowering stage, only cultivars (C) and interaction between cultivars 

and treatments (C x T) showed significant (p<0.05) differences but only treatments (T) 

showed no significant (p>0.05) differences for this parameter while at grain filling stage both 

cultivars (C) and treatments (T) showed no significant (p>0.05) differences however their 

interaction (C x T) showed significant (p<0.05) differences for this attribute.   

At flowering stage, under control condition (C), maximum tillers per plant exhibited by “K-

95” (11) while minimum observed in “IR-6” (6).  Upon exposure to high temperature stress 

treatments for 24h (T24), 48h (T48) and 72h (T72), only cultivar “K-95” exhibited maximum 

numbers of tillers per plant among all cultivars while “DR-82”, “DR-83” and “DR-92” had 

minimum tiller per plant. Recovery treatments for 24 h (R24) showed “DR-92” had minimum 

while “Shahkar” and “K-95” had maximum number of tiller. While “DR-83” showed lowest 

number of tillers among the group and maximum tiller observed in “IR-8” at 48h (R48). 

However, at 72h (R72) maximum tillers again exhibited by “K-95” while minimum observed 

in “Sada Hayat”.  

At grain filling stage, under control conditions, cultivars “DR-83” and “DR-92” showed 

maximum number of tillers per plant while minimum tiller observed in “DR-82” (5). There 

were varietal differences for this parameter among the cultivars. During heat treatment for 

only 24 h (T24), minimum number of tillers observed in “IR-8” while maximum in “DR-92”. 

Upon heat stress of 48h (T48), highest number of tillers was manifested by “DR-83” and 

lowest by “IR-6”.  During all recovery treatments, highest number of tillers was observed in 

“Sada Hayat” and “DR-82 at 24h (R24) only.  
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Figure 7: Number of tillers per plant of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and 

Shahkar, at two growth stages, flowering and grain filling, under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h 

(T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 

C = p < 0.05 

T = p > 0.05 

C X T = p < 0.05 

C = p > 0.05 

T = p > 0.05 

C X T = p < 0.05 
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4.2.2 Rice yield responses  

4.2.2.1 Panicle length (PL) (cm/panicle) 

Average length of panicles of eight rice cultivars at flowering and grain filling after 

temperature treatments were measured and expressed in terms of cm/panicle (Fig. 8). At 

flowering stage, cultivars (C), treatments (T) and their interactions (C x T) while at 

maturity stage only cultivars (C) and interaction (C x T) showed significant (p<0.05) 

differences but treatments (T) showed no significant (p>0.05) differences for this 

attribute. The study showed that there was no remarkable reduction in panicle’s length for 

high temperature and recovery treatments.  

At flowering stage, under control conditions, there was consistent patteren of this pattern   

and no remarkable differences were observed upon heat stress and recovery treatments. 

Cultivar “K-95” had longest panicle length followed by “Shahkar” while “DR-82” and 

“DR83”, had shortest panicles, during this growth stage.  

During grain filling stage, control treatments showed that longest panicles were observed 

in “K-95” followed by “IR-6” while shortest panicles observed in “IR-8”. Under high 

temperature stress treatments, there were slightly differences in panicle lengths depicting 

varietal differences among the cultivars. Data from recovery treatments revealed the 

almost same patteren as in other growth stage.  
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Figure 8: Length of panicles of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, 

two growth stages, flowering and grain filling, under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h 

(T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 

C = p < 0.05 

T = p > 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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4.2.2.2 Number of florets and number of grain per panicle (FPP & GPP) 

Number of florets per panicle at flowering stage and number of grains per panicle at grain 

filling stage were also observed to explore the effect of heat stress application on spikelet 

fertility of rice (Fig. 9). Statistical analysis revealed that cultivars (C), treatments (T) and 

their interaction (C x T) showed significant (p<0.05) differences in number of florets per 

panicle (FPP) at flowering stage and number of grains per panicle (GPP) at grain filling 

stage.  

At flowering stage, under control condition, maximum number of florets (125) observed 

in“K-95” while minimum (80) in “DR-82” as compared to the others. Application of heat 

stress for 24h (T24), manifested that maximum florets exhibited again in “K-95” (120), 

followed by “Shahkar” (100) while minimum number of florets showed by “DR-82” and 

“DR-83” (70). Heat treatment for 48h (T48), exhibited that “K-95” had maximum while 

“DR-82” had minimum number of florets among the group. Similar results also observed 

after 72h of heat stress (T72), where “DR-82” showed 40FPP while “K-95” had 

approximately 95FPP. Upon application of recovery treatments although maximum florets 

observed in “K-95” as observed during heat stress condition but minimum number of florets 

during recovery condition observed in “IR-8” (R24 and R72) and “IR-6” (R48). “Shahkar” 

had the second highest number of florets per panicle after “K-95” at R24. 

Total number of grain per panicle showed that before heat stress (C) cultivars had 

approximately 115 grains per panicle in “K-95” (highest) while lowest grain numbers (58) 

observed in “DR-92” and “Sada Hayat”, among the group. At T24, cultivars “IR-8”, “K-95” 

and “Shahkar” had maximum while “DR-83” and “IR-6” had minimum number of grains as 

compared to other cultivars.  But at T48 and T72, only “K-95” showed highest while lowest 

observed in “Sada Hayat” and “DR-92”, respectively. 
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Figure 9: Number of florets per panicle at flowering stage and number of grains per panicle at grain filling stage of 

eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, under normal (28±2 °C) (C), 

heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h 

(R72). 

Recovery treatments manifested that initially (R24) “Shahkar” also had maximum 

number of grain but at later treatments (R48 and R72) only “K-95” had highest number 

of grains per panicle. Minimum grains observed in “Sada Hayat”, “DR-92” and “DR-82” 

at R24, R48 and R72, respectively.   

 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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4.2.2.3 Filled and Unfilled grains per panicle and 1000 grains weight   

Filled grains per panicle (FGPP) and unfilled grains per panicle (UFGPP) and 1000 

grains weight were also determined, under control, heat stress and recovery treatments 

(Fig. 10). Statistical analysis revealed that cultivars (C), treatments (T) and their 

interaction (C x T) showed significant (p<0.05) differences in FGPP while in UFGPP 

both cultivars and treatments did not showed significant differences (p>0.05) while their 

interaction showed significant (p<0.05) differences in UFGPP. However, 1000 grains 

weight showed only cultivars (C) had no significant (p>0.05) differences.  

Filled grains per panicle (FGPP) manifested that due to heat treatments number of filled 

grains reduced however, cultivars showed variable response for this reduction. Control 

treated plants had maximum FGPP in “K-95” (100) while minimum (48) observed in 

“Sada Hayat” and “DR-92”. During heat stress for 24h (T24) maximum FGPP found in 

“K-95” (86) while minimum in“IR-8” (32). At T48 minimum FGPP observed in “IR-6” 

(32) and maximum in “K-95” (121). T72 explored “DR-92” (14) had lowest FGPP as 

compared to highest by “K-95” (128). During recovery treatments FGPP were highest in 

“K-95” followed by “Shahkar” while lowest number of filled grains observed in “DR-92” 

and “Sada Hayat” at R24, “DR-83” and “IR-6” at (R48) and “DR-82” at R72.  

In case of number of unfiled grains per panicle (UFGPP), “K-95” showed lowest number 

of unfilled grains while highest showed by “IR-6” and “IR-8” under normal temperature. 

At T24, “IR-8” (67) indicated highest while “K-95” (11) had lowest unfilled grains, as 

compared to other cultivars. After 48 h of heat exposure (T48), maximum unfilled grains 

exhibited by “Sada Hayat” followed by “IR-6” while minimum observed in “DR-82” 

followed by “K-95”. At T72 lowest UFGPP were observed in “Shahkar” while maximam 
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in “IR-6” and “IR-8”. During recovery condition, after 24h (R24) maximum number of 

unfilled grains observed in “Shahkar” while “K-95” again showed minimum unfilled 

grains, among the group. At later (R48), treatment although cultivars had no significant 

variation in number of unfilled grains per panicle but relatively “DR-82” and “Sada 

Hayat” exhibited maximum number while “DR-83” and “Shahkar” indicated minimum 

number of unfilled grains. At R72, cultivar “Sada Hayat” had maximum while “DR-82” 

had minimum number of unfilled grains, as compared to others.   

Thousand (1000) grains weight (TGW) analysis revealed that at normal temperature 

maximum weight exhibited by “IR-6” (30.8g) while minimum by “IR-8” (19.1g). Heat 

stress treatment for 24h (T24) showed that “Shahkar” had lowest (20.5g) while “K-95” 

(30.3g) had maximum TGW. However, at T48 maximum TGW observed in “DR-92” (35 

g) and minimum in “IR-6” (20.1g). At T72, maximum TGW observed in “IR-8” and 

“DR-82” while minimum in “Shahkar” and “IR-6”. During recovery condition “IR-6” 

and “IR-8” indicated highest grain weight at R24 while “DR-83” and “Shahkar” showed 

lowest amount of weight for 1000 grains. After48h of recovery highest and lowest weight 

manifested by cultivar “DR-82” and “DR-83” among the group. However, at R72, “K-

95” had highest TGW while “DR-83” showed minimum TGW as compared to other 

cultivars.  
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Figure 2: Number of filled grains and unfilled grains per panicle and 1000 grains weight at grain filling stage of eight 

rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, under normal (28±2 °C) (C), heat 

shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h 

(R72). 

C = p > 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p > 0.05 

T = p > 0.05 

C X T = p < 0.05 



 77 
 

4.2.2.4 Spikelet fertility (%) 

Total number of florets per panicle at flowering stage and total number of filled grains 

per panicle at grain filling stage were calculated to determine the effect of high 

temperature stress treatments on spikelet fertility of eight cultivars. It is observed that 

heat stress reduced spikelet fertility in all cultivars significantly but the degree of fertility 

loss were different among cultivars (Fig. 11).  

Under normal temperature (C) cultivars showed varied response for this attribute. The 

maximum fertility was nearly 95% in cultivar “K-95”, followed by “Shahkar” (88%). The 

lowest fertility observed in cultivar “Sada Hayat” (55%), followed by “DR-83” and “DR-

92”, both showed approximately 65% spikelet fertility.  

Under high temperature stress for 24h (T24), cultivars showed reduction in fertility. Here 

maximum spikelet fertility again observed in “K-95” and “Shahkar”, both had about 85% 

spikelet fertility while minimum observed in “IR-8” which showed 44% fertility followed 

by “IR-8” and “Sada Hayat”, both had nearly 46% fertility. Similarly, after 48h of high 

temperature stress it is observed that again “K-95” and “Shahkar” showed maximum, 

while “IR-8” showed lowest fertility among the group with 84% and 78%, 45%, 

respectively. However, at T72 cultivar “IR-6” and “DR-92” had lowest (~20%) spikelet 

fertility while highest fertility observed in “K-95” (73%) followed by “Shahkar” (68%).  

During recovery condition, after 24h (R24) the highest fertility was 65% exhibited by 

“Shahkar” which followed by “IR-8” and “K-95”, both had approximately 62% fertility 

as compared to others. Lowest fertility was observed in “DR-92” (19%) followed by 

“Sada Hayat” (28%). After 48h of recovery “IR-8” indicated maximum (90%) spikelet 

fertility followed by “Shahkar” and “K-95”.   
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Figure 11: Spikelet fertility (%) of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and 

Shahkar, under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 

°C) after 24h (R24), 48h (R48) and 72h (R72). 

After 72h of recovery treatments (T72), “IR-8” indicated maximum (92%) fertility 

followed by “IR-6”, “K-95” and “Shahkar” while minimum spikelet fertility observed in 

“DR-92” with 20% fertility as compared to others. 

4.3.1 Relative Membrane Permeability (RMP %) 

Cell membrane thermostability (CMT) of eight rice cultivars during this study was 

assessed at all three growth stages through measurement of relative membrane 

permeability (RMP%) by determining electrolyte leakage (EC) using electrical 

conductivity meter (Fig. 12). Statistical analysis manifested that cultivars (C), treatments 

(T) and their interaction (C x T) showed significant (p<0.05) differences in relative 

membrane permeability at all three rice growth stages.      

At seedling stage, under control conditions, cultivar “IR-6” showed relatively lowest 

RMP (11.0 %) while rest of the cultivars had approximately 20% RMP. After high 

temperature treatment for 24h (T24) “Sada Hayat” indicated maximum membrane 
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permeability (67%) showing maximum membrane damages while minimum was 

observed in “K-95” and “Shahkar”, having 28%RMP. On forty eight hours of heat 

exposure 48h (T48), exhibited that excess amount of electrolyte leakage in “Sada Hayat” 

(94%) while least amount of electrolyte leakage was observed in “Shahkar” (36%) as 

compared to others. After 72h of heat shock (T72) treatment, relative membrane 

permeability exhibited the same patteren with minimum in “Shahkar” (36%) and 

maximum in “Sada Hayat” (98%).  At all recovery treatments,  maximum electrolyte 

leakage was observed in “Sada Hayat” as observed under heat stress while minimum 

leakage was indicated by “K-95” and  “Shahkar”. 

 At flowering stage, maximum leakage was observed in “DR-83” while minimum 

showed by “K-95” at T24. At T48 cultivar, “IR-8” and “Sada Hayat” manifested 

maximum electrolyte leakage both had 58% RMP while least amount of electrolyte 

leakage showed by “K-95” (44%).  After 72h of heat shock (T27) relative permeability 

explored that cultivar “K-95” had minimum (52%) RMP while maximum RMP observed 

in “DR-83” (70%). Recovery treatments for 24h (R24) showed minimum electrolyte 

leakage in “K-95” and “IR-6” both had approximately 48% RMP while maximum RMP 

manifested by “DR-82” and “DR-83” which showed 60%RMP, as compared to other 

cultivars. After 48h of recovery, cultivar “IR-8” (35%) while “DR-82” and “DR-83” both 

with 55% RMP showed lowest and highest leakage, respectively. However, after 72h of 

recovery (R72), minimum electrolyte leakage showed by “K-95”, “Sada Hayat” and 

“Shahkar” while maximum leakage observed in “DR-83”.  
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Figure 12: Relative Membrane Permeability (RMP) in terms of electrolyte leakage of eight rice cultivars, IR-6, IR-8, 

DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling 

stage under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) 

after 24h (R24), 48h (R48) and 72h (R72). 
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During maturity, all cultivar showed equal percentage of electrolyte leakage, nearly 20-23% 

under control conditions. Upon exposure to thermal stress, electrolyte leakage was increased 

many folds in all cultivars but the extent to which it increased were different among cultivars. 

At 24h (T24), highest percentage of leakage indicated by “DR-83” with 53% RMP while 

least amount of electrolyte leakage showed by “K-95” with RMP 28%. After 48h of heat 

stress (T48) again maximum leakage observed in “DR-83” (57%RMP) while minimum 

leakage manifested by “K-95” (38%RMP), as compared to rest of the cultivars. After 72h of 

heat shock (T72) treatments, it is observed that cultivar “K-95” had lowest RMP (50%) while 

highest observed in “IR-8” and “Shahkar” both had 63% RMP. Recovery treatment for 24h 

(R24) showed minimum electrolyte leakage in “K-95” and “IR-6” while maximum leakage 

showed by “DR-82” and “DR-83”. At R48 and R72, lowest RMP was evident in “K-95” 

while highest showed by “Shahkar” and “Sada Hayat”, respectively. 

4.3.2 Hydrogen peroxide (H2O2) 

Amount of hydrogen peroxide (H2O2) in fresh leaf tissue of eight rice cultivars were 

quantified to determine the severity of oxidative stress. Amount of H2O2 are expressed in 

terms of µM/g FW (Fig. 13). Statistical analysis manifested that cultivars (C), treatments (T) 

and their interaction (C x T) showed significant (p<0.05) differences in accumulation of 

H2O2.  

At seedling the result showed that under favorable environmental condition (C) maximum 

amount of  H2O2 were 4.14 and 4.06 µM/gFW in “DR-92” and “Sada Hayat” and minimum 

indicated by “K-95” (2.88 µM/gFW). Heat stress application for 24h (T24) exhibited that 

H2O2 production was increased many folds as compared to control. Maximum were found in 

“DR-92” (16.69 µM/gFW) while minimum (8.0369 µM/gFW) observed in “DR-83”. After 

48 h of heat stress (T48) lowest hydrogen peroxide exhibited by “IR-8” (11.531 µM/gFW) 
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while highest H2O2 by “DR-82” and “DR-83” relatively. Maximum time exposure to thermal 

stress (T72) manifested that “IR-6” (34.90 µM/g FW) and “IR-8” (12.46 µM/g FW) was 

highest and lowest, respectively. Recovery treatment for 24h (R24) the highest amount were 

31.45 µM/gFW (IR-6), while “IR-8” (12.720 µM/gFW), showed lowest H2O2 accumulation. 

After R48 (T48), the patteren for highest and lowest ranking was same as under the recovery 

treatments for 24 hrs. However, at R72, lowest oxidative stress in terms of low H2O2 

production and accumulation was observed in “IR-8”.  

At flowering, under control condition, no significant differences observed among cultivars 

but after 24h of heat stress (T24), cultivars “IR-8”, “DR-82” and “DR-83” showed maximum 

production of H2O2 while “K-95” showed lowest accumulation of H2O2, followed by “IR-6”. 

At T48, lowest H2O2 was accumulated by “K-95” while highest H2O2 observed in “DR-82” 

and “DR-83” as compared to other cultivars. At T72, minimum amount of H2O2 observed 

again in “K-95” however, maximum H2O2 accumulation observed in “DR-82” (31.86 µM/g 

FW) and “DR-83” (32.82 µM/gFW). After recovery treatments for 24h (R24) the highest 

amount, 24.43 µM/gFW, observed in “DR-82” while lowest, 9.03 µM/gFW, exhibited by 

“IR-8”. After R48 the highest value showed by “DR-83” while at R72, “IR-6” showed lowest 

production of H2O2, among the group.  

At grain filling stage, under control (C) condition, cultivars showed no significant variation 

in accumulation of H202. Heat stress application for 24h (T24) exhibited that lowest (7.5 

µM/gFW) H202 was accumulated in “IR-6” and “Sada Hayat” while maximum observed in 

“K-95” as compared to the rest of the cultivars.  
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Figure 13: Strength of oxidative stress in terms of hydrogen peroxide (H2O2) production of eight rice cultivars, IR-6, 

IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain 

filling stage under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery 

(28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 

After 48h of heat stress (T48) treatments, lowest observation of H2O2 showed by “IR-6” 

while highest H2O2 exhibited by “K-95”, among the group. At T72, maximum H202 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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indicated by “DR-92” (18.08 µM/gFW) while “IR-6” showed lowest (10.66 µM/gFW) as 

compared to others. During all recovery treatments the highest amount of H2O2 were 

observed in “K-95”.  While “DR-82” had minimum for the recovery treatment for 48h(R 

48) and 72h (R72).  

4.3.3 Melondialdehyde (MDA)  

Peroxidation of membrane lipids was assessed through quantification of melondialdehyde 

(MDA) and expressed in terms of nmole/g FW. Results revealed that amount of MDA 

increased many folds under heat stress and declined upon recovery treatments. This 

pattern of lipid peroxidation was similar for all growth stages growth stages. Statistical 

analysis manifested the significant (p<0.05) differences for this attribute for cultivars (C), 

treatments (T) and their interaction (C x T) at each growth stages (Fig. 14).  

At seedling stage, under control condition, varietal differences were observed for this 

parameter and maximum liperoxidation in terms of MDA was observed in “K-95” and 

“Sada Hayat” and minimum in “DR-83”. Among cultivars “Sada Hayat” showed highest 

amount of MDA after 24h (0.3 nM/gFW) as well as after 48h (0.529 nM/gFW) of heat 

stress while lowest amount of MDA observed in “Shahkar” with 0.17 nM/gFW. At T48 

maximum MDA also showed by in “IR-8” (0.456 nM/gFW). After 72h of heat 

application (T72) highest MDA manifested by “IR-6” (0.923 nM/gFW) and lowest by 

“Shahkar” (0.303 nM/gFW). Upon recovery treatments for 24h (R24), MDA content of 

“K-95” was maximum while “DR-92” showed minimum amount of MDA. After 48h 

(R48) of recovery treatments, maximum MDA was exhibited by “Shahkar” (0.575 

nM/gFW) and minimum by “DR-92” (0.342 nM/gFW). At R72, level of lipid 
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peroxidation (MDA), were lowest in “Sada Hayat” and highest was observed in 

“Shahkar” as compared to other cultivars. 

At flowering stage stage minimum and maximum MDA concentration at T24 (0.271 

nM/gFW/0.727 nM/gFW), T48 (0.622 nM/ g FW/1.06 nM/gFW) and T72 (1.377 

nM/gFW/1.061 nM/gFW), observed in “K-95” and in “Sada Hayat” respectively. “DR-

82” also showed second highest amount of MDA (0.723 nM/ g FW) after “Sada Hayat” 

at T24. Upon recovery treatment for only 24h (R24), MDA content were lowest in “K-

95” (0.843 nM/gFW) and highest in “Sada Hayat” (1.181 nM/gFW). After 48 h (R48) of 

recovery treatments highest MDA were observed in “DR-82” and “DR-83” and lowest in 

“K-95”. After 3 days of recovery from heat stress (R72), “DR-83” showed maximum 

MDA with 0.910 nM/gFW  while lowest MDA content were observed in “K-95” (0.583 

nM/gFW).  

At grain filling stage, non-stressed condition (C), “IR-6 had lowest MDA while 

“Shahkar” showed highest amount of MDA as compared to other cultivars. Under high 

temperature stress condition maximum membrane damage were observed in “DR-82” at 

T24 and “Sada Hayat” at T48 and T72 as they showed highest amount of MDA 1.102 

nM/gFW, 1.381 nM/gFW and 1.507 nM/gFW, respectively while “K-95” had lowest 

concentration of MDA at T48 (0.712 nM/ g FW) and T72 (1.061 nM/gFW). At T24 

minimum MDA was observed in “IR-6” (0.405 nM/gFW) as compared to others. 
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Figure 14: Level of peroxidation of membrane lipid quantified by melondialdehyde (MDA) of eight rice cultivars, IR-

6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain 

filling stage under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery 

(28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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Upon recovery treatment, lowest MDA content observed in “K-95” at R24 (0.920 

nM/gFW), R48 (0.857 nM/gFW) and T72 (0.795 nM/gFW) while highest MDA 

concentration manifested by “Sada Hayat” and “DR-82” at T24 (1.471 nM/gFW) and 

T48 (1.324 nM/gFW). However after 72h of recovery (R72) maximum MDA (1.164 

nM/gFW) also observed in “DR-83” followed by “Sada Hayat”.  

4.3.4 Osmolyte accumulation (proline) 

Accumulation of proline in eight rice cultivars under different temperature treatments at 

early growth, flowering and grain filling stage were also determined and expressed in 

terms of µM/gFW (Fig. 15). Statistical analysis showed that at all three growth stages 

amount of free proline were significantly (p<0.05) different among cultivars (C), 

treatments (T) and their interaction (C x T).   

At seedling “K-95” (0.158 µM/g FW) and “DR-92” (0.150 µM/gFW) showed highest 

accumulation of proline while “IR-8” (0.0042 µM/gFW) and “DR-83” (0.0052 µM/gFW) 

showed lowest accumulation of proline under control condition. Exposure to high 

temperature stress for 24h (T24), “IR-8” showed lowest (0.091 µM/gFW) while “K-95” 

had highest (0.196 µM/g FW) amount of proline accumulated followed by “Shahkar” 

(0.174 µM/gFW) as compared to others. After 48h of heat shocked condition (T48), “K-

95” exhibited maximum acumulation of proline (0.213 µM/g FW), while “Shahkar” 

showed lowest proline accumulation at this treatment. At T72, “IR-6”, “K-95” and “Sada 

Hayat” had highest amount of proline (0.193 µM/g FW) while lowest proline were 

accumulated in “Shahkar” (0.099 µM/g FW). During recovery treatments, after 24h 

(R24) maximum accumulation of proline was manifested by “IR-6”, “DR-82” and “K-

95”, however minimum proline observed in “Shahkar”.  
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Figure 15: Osmolyte (Proline) accumulated in eight rice cultivars, IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada 

Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling under normal (28±2 °C) (C), heat shock 

(42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 
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After 48h of recovery treatment (R48), maximum proline was observed in “K-95” (0.182 

µM/g FW) followed by “IR-6” while minimum accumulation showed by “IR-8” followed 

by “DR-83” among the group. At R72, maximum and minimum proline found in “DR-

83” and “IR-8”, respectively. 

Flowering stage analysis manifested that, after 24h of heat stress application (T24), 

lowest quantity of proline was observed in “DR-92” and “IR-6” (1.173 µM/g FW) while 

highest in “DR-83” (1.476 µM/g FW) followed by “Shahkar” (1.397 µM/g FW). After 

48h of heat shocked treatments, “K-95” exhibited maximum accumulation of proline 

(1.733 µM/g FW) while “IR-8” had minimum amount of proline (1.154 µM/g FW). After 

72h of heat stressed condition, “K-95” among the group sgowed maximum proline (1.867 

µM/g FW) accumulation while lowest proline accumulation was observed in “DR-82” 

and “IR-8” (1.071 µM/g FW). During recovery treatments for 24h, maximum proline was 

accumulated by “K-95” while minimum proline showed by “Sada Hayat” as compared to 

other cultivars. After 48h of recovery treatment (R48), it is observed that “K-95” had 

maximum (1.344 µM/g FW) amount of proline while lowest accumulation of proline was 

observed in “DR-83”, among the group. At R72, “K-95”, had highest while “Shahkar” 

had lowest proline content as compared to others.  

At grain filling stage, after application of high temperature stress for 24h (T24),  “K-95” 

had maximum (1.398) as compared to “IR-6” which showed minimum (1.171 µM/g FW) 

proline accumulation, among the group. After 48h of heat shocked, again “K-95” 

exhibited maximum accumulation of proline (1.770 µM/g FW) while “IR-8” showed 

minimum amount of proline (1.262 µM/g FW). At this treatment cultivar “DR-83” also 

showed lowest proline accumulation. Maximum time exposure to heat stress condition, 
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T72 explored that “K-95” showed highest amount of proline accumulation with 2.001 

µM/g FW, while lowest proline were accumulated in “Sada Hayat” with 1.163 µM/g FW, 

as compared to other cultivars. During recovery treatments for 24h maximum proline was 

accumulated by “DR-82” while minimum observed in “IR-8”, as compared to other 

cultivars. After 48h of recovery treatment (R48), cultivar “DR-92” exhibited maximum 

proline accumulation (1.873 µM/g FW) however, minimum accumulation observed in 

“Sada Hayat” 

4.4. ANALYSIS OF ANTIOXIDANT ENZYMES  

4.4.1 Quantitative analysis 

4.4.1.1 Superoxide dismutase (SOD) 

Quantification of superoxide dismutase (SOD) enzyme, in eight rice cultivars at its three 

growth stages, was carried out after high temperature stress treatment. Expression of 

SOD enzyme increased upon application of heat stress and declined upon recovery 

treatment. This pattern of enzyme expression was significantly different among the 

cultivars and between growth stages. Statistical analysis revealed, treatments (T) and 

their interaction with cultivars (C x T) showed significant (p<0.05) differences in SOD 

activity but cultivars (C) showed no significant differences (p>0.05) for this attribute at 

all three growth stages (Fig. 16).  

At seedling stage, quantitative analysis of SOD exhibited similar amount of SOD 

(~100U/gFW) under normal temperature (C). However, cultivars showed increased 

activity of SOD upon exposure to heat stress and declined upon recovery but some 

cultivars showed very low activity while others had highest activity. After 24h of heat 
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stress (T24) cultivar “Shahkar” indicated highest SOD activity (410 U/gFW), while “IR-

6” and “K-95” showed lowest enzyme activity both had nearly 150U as compared to 

others. Similarly, after 48h of high temperature stress (T48) lowest enzyme activity 

exhibited by “DR-82” and “K-95” both had nearly 200U of SOD while maximum 

activity observed in “Shahkar” (500U/gFW) among the group. AT T72, “Shahkar” again 

showed maximum SOD enzyme activity (~600U/gFW) under heat stress but “DR-82” 

and “DR-83” showed minimum activity (250U/gFW) among the group. During recovery 

treatments for 24h (R24) cultivars showed similar SOD activity but relatively “DR-92” 

showed highest while “Sada Hayat” showed lowest SOD units. At R48 and R72 “DR-82” 

showed maximum SOD while minimum observed in “Sada Hayat” and “Shahkar”, 

respectively. 

At flowering stage, the pattern of SOD enzyme activity for heat stress was quite similar 

as seedling but cultivars showed significant variation in SOD activity. Cultivars exhibited 

300-400 units of SOD per gram fresh weight under control condition but relatively, “IR-

8” and “DR-82” had highest while “Shahkar” showed lowest SOD enzyme activity 

among the group. Upon application of heat stress for 24h (T24), cultivar “K-95” 

exhibited maximum SOD activity (720U/gFW) followed by “DR-92”, while minimum 

activity of SOD observed in “DR-82” (420U/gFW) followed by “Sada Hayat” and 

“Shahkar”. At T48, cultivar “K-95” showed highest enzyme activity (850U/g FW) 

followed by “IR-6” while minimum SOD observed again in “DR-82, “Sada Hayat” and 

“Shahkar”. At T72, maximum SOD again indicated by “K-95” (930U/g FW) followed by 

“IR-6” and “Shahkar” while “Sada Hayat” showed minimum SOD activity as compared 

to others. During recovery treatment (R24) some cultivars showed increased SOD 
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activity while some had declined SOD as compared to T72. Lowest SOD activity 

observed in “DR-82”, “DR-92” and “IR-6” at R24, R48 and R72, respectively.  

At grain filling stage, under normal temperature, “IR-6”, “K-95” and “Sada Hayat” had 

minimum units of SOD while “DR-83”, DR-92” had maximum units of SOD. Although 

heat stress induced SOD expression but declined with increase in heat stress duration. 

After 24h, highest SOD activity exhibited by “K-95” and “DR-92” (700U/gFW), while 

lowest observed in “Shahkar” (300U/gFW). At T48, Highest and lowest activities of 

SOD exhibited by “Sada Hayat” and “DR-83”, respectively. After T72, “Shahkar” 

exhibited maximum while “DR-92” had lowest SOD. Recovery treatment (R24), “DR-

83” had maximum while “DR-92” showed minimum SOD. At R48 and R72, highest and 

lowest observed in different cultivars.  
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Figure 16: Spectrophotometric quantification of Superoxide dismutae (SOD) enzyme activity of eight rice cultivars, 

IR-6, IR-8, DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and 

grain filling under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery 

(28±2 °C) after 24h (R24), 48h (R48) and 72h (R72). 
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 94 
 

4.4.1.2 Catalase (CAT) 

Catalase (CAT) enzyme under different temperature treatments manifested that heat 

stress declined its activity while increased during recovery treatments. Cultivars (C), 

treatments (T) and their interactions (C x T) showed significantly (p<0.05) different CAT 

activity at seedling but at later two stages cultivars showed no significant (p>0.05) 

differences for this attribute (Fig. 17). 

At seedling stage, maximum CAT activity observed in “IR-8” (5000U) while lowest in 

“Sada Hayat” (2100U), under control condition. After 24h of heat stress (T24), 

“Shahkar” showed maximum CAT activity (3300U) followed by “K-95” (3200U) while 

lowest CAT was observed in “IR-8” (1500U) as compared to others. After 48h of heat 

stress application (T48), the highest CAT exhibited again by “Shahkar” (3240U) 

followed by “K-95” (3105U) while lowest observed in “DR-82” (880U) among the 

group. At T72, “DR-82” showed lowest CAT enzymes activity (850U) while highest 

observed in “K-95” (2540U) followed by “Shahkar” (2100U). Upon recovery treatments, 

cultivars showed increased activity of CAT enzyme as compared to T72. After 24h of 

recovery (R24) treatments, maximum activity indicated by “K-95” (2693U) while 

minimum by “DR-82” (1039U) among the group. At R48, “K-95” showed over 

expression of CAT (2944U) followed by “Shahkar” (2806U) while lowest observed in 

“DR-82” (1491U). Lowest activity at R72 observed in “DR-82” (1500U) while maximum 

showed by “K-95” (3139U) followed by “Shahkar” (3017U) as compared to other 

cultivars.  

At flowering stage, maximum CAT activity exhibited by “DR-92” (2100U) while 

minimum activity observed in “IR-6” and “K-95”, both had 1300U, at control condition. 
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Upon exposure to high temperature stress CAT activity declined as observed at seedling 

stage. After 24h of heat stress (T24), maximum enzyme activity exhibited by “IR-8” (1400U) 

followed by “K-95” (1200U) while minimum CAT observed in “Sada Hayat” (300U). After 

48h of heat stress application (T48) the highest CAT found in “K-95” (850U) while lowest 

CAT activity indicated by “DR-92” (300U). Upon recovery treatments from high temperature 

stress for 24h (R24) maximum CAT activity showed by “IR-6” (1350U) while minimum 

showed by “Sada Hayat” and “Shahkar” (250U). From R24 to R72 cultivars showed 

increased activity of CAT enzyme as compared to T72. At R48 “IR-6” exhibited maximum 

CAT activity with 1400U while lowest observed again in “Shahkar” (250U) as compared to 

other cultivars. Lowest CAT activity at R72 showed by “DR-92” while maximum observed 

in “IR-8” and “DR-82”.  

At grain filling stage, under normal temperature, minimum CAT exhibited by “Sada Hayat” 

(233U) while maximum indicated by “DR-82” (500U) followed by “IR-8”, “DR-83” and 

“DR-92”. Application of high temperature stress for 24h (T24), “IR-6” exhibited lowest 

(166U) CAT activity while “K-95” showed highest (316U) CAT activity as compared to the 

other cultivars. After 48h of heat stress application (T48) the highest CAT observed again in 

“K-95” which had 233U while “IR-6” had minimum CAT activity (111U), among the group. 

After T72, maximum and minimum CAT activity observed in “K-95” and “DR-83” with 

150U and 100U respectively. Upon recovery treatments from high temperature stress, after 

R24, CAT quantification analysis manifested lowest activity in “DR-83” (133U) while 

highest was 233U exhibited by “K-95”. At R48, “K-95’ had 296U while “Sada Hayat” had 

205U, showing maximum and minimum CAT activity, respectively. Lowest activity at R72 

showed by “IR-6” (210U) while highest observed in “K-95” (270U) followed by “DR-83” 

(268U).  
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Figure 17: Quantitative analysis of Calatase (CAT) enzyme activity of eight rice cultivars, IR-6, IR-8, DR-82, DR-83, 

DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling during its life cyle 

under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 

24h (R24), 48h (R48) and 72h (R72). 
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4.4.1.3 Ascorbate peroxidase (APX) 

Quantitative analysis of ascorbate peroxidase (APX) of eight rice cultivars, subjected to 

temperature regimes, at three growth stages were carried out (Fig. 18). Results revealed that 

the average enzyme activity of APX at seedling declined under heat stress however during 

recovery its activity increased. At flowering and maturity stage the pattern of APX activity 

was different from seedling stage. Statistical analysis explored that at seedling and flowering 

cultivars (C) showed no significant (p>0.05) differences but treatments (T) and their 

interaction with cultivars (C x T) showed significant differences for this attribute. At grain 

filling stage, all three variables showed significant (p<0.05) differences in CAT activity.  

At seedling stage, under normal temperature, “DR-82” and “Sada Hayat” showed highest 

APX enzyme activity with 335U and 3332U, respectively while “Shahkar” had minimum 

(265U) APX activity as compared to others. When subjected to heat shock for 24h (T24) 

maximum activity indicated by “K-95” and “DR-83” with 186U while minimum APX 

activity observed  in “DR-82” and “DR-92” with 173U of APX. After 48h (T48) “K-95” 

showed maximum (105U) followed by “Shahkar” (98U) activity while “IR-8” showed lowest 

(40U) activity followed by “DR-92” (50U). After 72h of high temperature stress (T72), 

minimum activity again indicated by “DR-82” and “DR-92” while maximum activity 

exhibited by “K-95” and “Shahkar”, with 20U, 25U, 60U and 51U, respectively. Upon 

recovery from heat stress for 24h (R24), activity of APX enzyme increased as compared to 

T72.  At R24, the highest and lowest activity of APX indicated by “K-95” (95U) and “DR-

92” (45U), respectively. Similarly after 48 and 72h of recovery treatments (R48 and R72) 

from heat shocked, cultivar “K-95” had highest APX activity with 190U and 250U, 

respectively.  
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Figure 18: Spectrophotometric enzyme activity of Ascorbate peroxidase  (APX) of eight rice cultivars, IR-6, IR-8, DR-

82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling stage, 

under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 

24h (R24), 48h (R48) and 72h (R72). 

At flowering stage, under control temperature, “Shahkar” showed highest enzyme, nearly 

4500U/gFW while rest of the cultivars, except “IR-8”, had similar amount but not above 

than 3500 U/gFW. Cultivar, “IR-8” showed lowest APX activity (2100U) among the 
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group. At T24, maximum units were indicated by “Shahkar” about 6311U/gFW while 

“IR-6” had lowest with 1011U. After T48 “Shahkar” again showed highest activity with 

3333 units while “IR-8” showed lowest (1055) APX activity as compared to others. At 

T72, “K-95” had maximum (2833U) while “IR-8” had minimum (1777U) activity of 

APX. Recovery treatment showed that expression of APX in some cultivars increased 

while declined in other cultivars with respect to heat stress condition. After recovery 

treatments for 24h (T24), maximum APX activity exhibited by “Sada Hayat” followed by 

“K-95” while lowest activity observed in “IR-8” which showed 1222U/gFW. After R48, 

“IR-6” had maximum (3166U) while “IR-8” showed lowest APX activity followed by 

“Shahkar”. At R72, maximum observed in “Shahkar” while minimum in “DR-92”.  

At grain filling stage, the general pattern of APX activity was same as flowering but 

cultivars showed low APX units. Under control condition, lowest activity of APX 

enzyme indicated by “DR-82”, followed by “DR-92” while highest APX observed in 

“Sada Hayat”, as compared to others. After T24, the highest APX was 3277U exhibited 

by “IR-6” while “IR-8” had lowest with 1944U/gFW. After T48 cultivar “DR-83” 

showed maximum (2277U) followed by “DR-92” while “IR-8” showed lowest (1111U) 

APX activity. At T72, “IR-6” had highest while “IR-8” had lowest APX among the 

group. During recovery treatment, cultivars exhibited different responses in terms of 

APX activity. At R24, minimum and maximum APX showed by “K-95” and “DR-83”, 

respectively. After R48, “IR-6”, “K-95” and “Sada Hayat” showed lowest amount of 

APX while highest observed in “Shahkar” followed by “DR-82” and “DR-92”. At R72, 

“IR-8” showed lowest while “DR-82” showed highest APX activity among the group. 
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4.4.1.4 Peroxidase (POD) 

Quantification of peroxidase (POD) enzyme was also carried out in eight rice cultivars at 

their seedling, flowering and maturity stage, after temperature treatments (Fig. 19). The 

general pattern of POD activity was increased under heat stress and decreased during 

recovery. The POD was quantified using guaiacol as substrate and the results expressed 

in U/gFW. Statistical analysis exhibited that at seedling and flowering stage cultivars (C), 

treatments (T) and their interaction (C x T), showed significantly (p<0.05) different POD 

enzyme activity while at grain filling only cultivars (C), showed no significant (p>0.05) 

differences for this attribute.   

At early growth stage, control temperature treatment exhibited that cultivars had less than 

500 U/gFW. But upon application of heat stress, for 24 h (T24), it increased activity of 

POD enzyme many folds as compared to ambient temperature. Here (T24), “Shahkar” 

had highest POD (9436U/gFW) followed by “K-95” (7185U) while “Sada Hayat” had 

minimum (950 U/gFW), among the group. At T48, POD was maximum in “Shahkar” 

(10836U/gFW) followed by “K-95” (9255U/gFW) while minimum exhibited by “DR-

82” (718U/gFW) and “Sada Hayat” (820 U/gFW) as compared to others. At T72, 

maximum POD exhibited by “Shahkar” (11374U/gFW) followed by “K-95” 

(9629U/gFW) while minimum observed in “DR-82” (851U/gFW). After R24, maximum 

POD units were exhibited by “Shahkar” (10888U/min/gFW) and “K-95” (9222U/gFW) 

while lowest POD showed by “Sada Hayat” (674U/gFW) and “IR-6” (929U/gFW). At 

R48 and R72 “Shahkar” and “K-95” had highest POD while “Sada Hayat” showed 

lowest POD activity among the group.  
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Figure 19: Spectrophotometric quantification of Peroxidase (POD) enzyme activity of eight rice cultivars, IR-6, IR-8, 

DR-82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling, 

under normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 

24h (R24), 48h (R48) and 72h (R72). 

At flowering stage, upon exposure to heat stress it showed increased while recovery 

treatments showed declined in POD activity. At T24 maximum POD (4111.1U/gFW) 

was observed in “Shahkar” while minimum in “DR-82” (1833U/gFW). After T48, 
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cultivar “IR-8” showed maximum (6222U/gFW) while “DR-82” had minimum 

(2444U/gFW) POD activity among the group. At T72, cultivar “IR-6” exhibited 

maximum POD 4929U/gFW while cultivar “dr-92” showed lowest (2740U/gFW). 

During recovery, at R24, maximum POD exhibited by “IR-6” and “Shahkar” while 

minimum observed in “DR-92”. After R48, “DR-83” showed maximum while minimum 

was same as R24. R72 also exhibited similar pattern of POD in terms of maximum and 

minimum ranking as compared to R48, however POD showed reduced in quantity. 

At maturity stage, control temperature showed maximum POD in “DR-83” (3222U/gFW) 

while lowest in “IR-8” (1277U/gFW). After T24, maximum POD was observed in 

“Shahkar” (4750U/gFW) and minimum was in “”DR-82” (2388U/gFW). At T48, 

maximum and minimum POD activity exhibited by cultivar “DR-83” and “Sada Hayat”, 

respectively. After T72, “DR-83” had maximum while “DR-82” showed minimum 

activity among the group. Upon recovery treatments, cultivars which had maximum POD 

at T72 showed decreased in POD activity while cultivars which had lowest POD at T72 

showed increased at R24. Maximum activity was 4361 U/gFW, expressed by “Shahkar” 

while lowest (1055U/gFW), exhibited by “IR-6”. Maximum POD activity showed by 

“DR-82” (5194 U/gFW) and “IR-6” (5194U/gFW) while minimum exhibited by “Sada 

Hayat” and “Shahkar but “DR-82” and “DR-92”, at R48 and R72, respectively.  

4.4.2 Qualitative (Native-PAGE) analysis of antioxidant enzymes 

4.4.2.1 Superoxide dismutase (SOD) 

Superoxide dismutase (SOD) was resolved by electrophoresis (Native-PAGE) and then 

the gel treated with potassium phosphate buffer (pH, 7.0) containing nitroblue 

tetrazolium (NBT), in dark followed by light exposure. Superoxide dismutase degrades 
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NBT in light therefore, the colorless bands showed degradation of NBT due to SOD 

enzyme activity. The intensity of SOD bands exhibited their expression pattern under 

heat stress in eight rice cultivars at seedling, flowering and grain filling stages.   

Cultivar “IR-6”, at seedling stage, showed three types of SOD isoformes (SOD1, SOD2 

and SOD3). Isoform SOD2 observed in each treatment (C-R72), with no significant 

variation in band intensity while SOD1 induced under stress condition and gradually 

declined upon recovery treatment. SOD3 only observed after 48h of high temperature 

stress (T48) while it was not detected in other treatments (Fig. 20).  At flowering stage 

“IR-6” indicated only one type of SOD isoform, SOD2, with respect to seedling stage. 

Although flowering stage had 1 band of SOD in each treatment but they showed 

significant difference in band thickness. Comparatively, control treatment had maximum 

SOD while during stress it showed decreased SOD expression. During recovery condition 

SOD2 band intensity were slightly higher than stress condition. At grain filling stage this 

cultivar showed again single band of SOD (SOD2). The band intensity of SOD2 

exhibited that at maturity stage heat stress declined its expression while recovered after 

recovery treatment. After 72h of heat stress (T72) SOD2 was not detectable at grain 

filling stage. Cultivar “IR-8” showed one type of SOD (SOD2) at seedling stage (Fig. 

20). Interestingly at this stage “IR-8” showed slight reduction in SOD band intensity as 

compare to control and recovery treatments. At T72, its band thickness was very low as 

compared to other treatments.  
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Figure 20: Native-PAGE analysis of SOD of “IR-6” and “IR-8” subjected to control (C), Heat Shock (42±1 °C) for 24 
(T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at seedling, 

flowering and maturity stage.  
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At flowering stage also “IR-8” showed only one type of band (SOD2) as observed at seedling 

but unlike “IR-6” at flowering it showed no any significant difference of heat stress on SOD 

expression. During heat stress initially (T24 and T48), it had relatively low expression but at 

T72, it showed consistent expression. After high temperature stress SOD band intensity was 

slightly higher than stress condition. At grain filling stage, expression of SOD was very low 

as compared to seedling and flowering growth stage. At this stage, SOD2 showed declined in 

expression under heat stresses and while increased upon recovery treatments.   

Cultivars, “DR-82”, revealed single type of SOD band (SOD2) after temperature treatments 

at seedling stage (Fig. 21). The expression pattern of SOD2 exhibited that heat stress initially 

increased its expression but gradually declined with increased in heat stress application. The 

decrease in band intensity was prominent after T72. Recovery treatments showed improved 

in SOD expression as the band thickness of R24, R48 and R72 were much higher than T72. 

At flowering stage, heat stress application increased in SOD expression and declined upon 

recovery treatment therefore band intensity of T24, T48 and T72 was slightly higher than 

other treatments. At grain filling stage, expression of SOD was very low than seedling and 

flowering stage. Here it again showed single band of SOD (SOD2), up regulated after T48 

but declined at T72, during heat stress. Upon recovery treatment it showed increased in SOD 

expression as band intensity of R24 was much higher than T72 but at R48 and R72 its band 

intensity declined again.  “DR-83” at seedling revealed single type of SOD (SOD2) but 

showed heat sensitive (Fig. 21). It expression pattern manifested that upon heat stress SOD 

declined in “DR-83” while increased during recovery treatment. Band intensity of T72 was 

very low as compared to control and similarly SOD2 at R72 was much higher than T72.  

Isoform SOD in “DR-83” at flowering stage exhibited that application of high temperature 

stress induced SOD2 expression initially but with increase in time declined. Band thickness 



 106 
 

of T24 and T48 was greater than control but at T72 SOD2 had reduced band thickness. 

During recovery treatment SOD2 showed increase in expression as band intensity of SOD2 at 

R24, R48 and R72 was slightly better than T72. At grain filling stage, as previous cultivars 

showed, “DR-83” also had very low SOD expression as compared to seedling and flowering. 

However, unlike “DR-82”, the band intensity of “DR-83” showed no significant variation 

under heat stress and recovery condition.   

Native-PAGE analysis of SOD in “DR-92” and “K-95” at three growth stages has shown in 

Fig. 21. At seedling “DR-92” had very low amount of SOD units as compared to previous 

cultivars but its expression showed increased under heat stress condition and declined upon 

recovery. At flowering stage it indicated irregular but to somehow greater band thickness. 

During heat stress its expression had very low but at R48 and R72 it showed induction in 

SOD2 many folds. At maturity stage “DR-92” had single type of SOD (SOD2) at control, 

slightly increased during stress while decreased upon recovery. Cultivar “K-95” at early 

growth showed single type of SOD band in all the treatments with difference in quantity. The 

result clearly showed that upon exposure to high temperature stress SOD induced many folds 

and this increment in band intensity observed highest in T72 and then declined during 

recovery. At control and recovery “K-95” had low SOD expression as compared to heat 

treated samples. At flowering stage, “K-95” explored a quite different expression pattern of 

SOD which was never observed in any cultivars at any growth stage. At this stage heat stress 

induced a new band of SOD (SOD4) after 24h (T24) which was absent in control samples.  
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Figure 21: Native-PAGE analysis of SOD of “DR-82” and “DR-83” subjected to control (C), Heat Shock (42±1 
°C) for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at 

seedling, flowering and maturity stage.  
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Figure 22: Native-PAGE analysis of SOD of “DR-92” and “K-95” subjected to control (C), Heat Shock (42±1 
°C) for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at 

seedling, flowering and maturity stage.  
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The second SOD was common to all other cultivars (SOD2) but its expression indicated that 

it increased under heat stress while decreased upon recovery treatments. The common type of 

SOD isoform, SOD2, was increased under heat stress and maximum expression showed at 

T24 and T48 while at T72 and R24 its expression reduced. R48 and R72 indicated that SOD2 

increased as compared to T72 and R24. The second type of SOD (SOD4) band although 

showed low intense band than SOD2 but it also showed the same pattern of expression as 

SOD2. Recovery treatments showed thick band of SOD4 as compared to T27. At maturity 

stage, SOD revealed heat stress increased its expression as the band thickness of T24, T48 

and T72 were quite greater than control. During recovery SOD expression showed similar 

response as stress condition.  

Expression pattern of SOD isofrom of “Sada Hayat” revealed that “Sada Hayat” at seedling 

stage exhibited single band of SOD (SOD2) under all treatment conditions (Fig. 23). At 

control condition the band intensity was low but when exposure to high temperature stress its 

expression was increased but during recovery condition SOD band intensity decreased. At 

flowering stage, similar pattern of SOD expression observed as previous cultivars indicated 

at this stage. Maturity stage showed one type of SOD (SOD2) and the similar expression 

pattern as other cultivars exhibited at this stage. SOD slightly induced under heat stress as 

compare to control but throughout the heat stress condition no significant change in SOD 

bands were observed. Cultivar “Shahkar” exhibited induction of SOD (SOD2) expression 

under heat stress at seedling stage and declined during recovery. At flowering stage control 

had high amount of SOD while heat treated samples showed reduction in SOD expression. 

Recovery treatment showed increased intensity of SOD band at R48 and R72. At grain filling 

stage, no significant change in SOD2 expression observed during and after heat stress 

application (Fig. 23).  
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Figure 23: Native-PAGE analysis of SOD of “SADA HAYAT” and “SHAHKAR” subjected to control (C), Heat 
Shock (42±1 °C) for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of 

heat stress at seedling, flowering and maturity stage.  
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4.4.2.2 Peroxidase (POD) 

The second antioxidant enzyme studied through Native-PAGE was peroxidase (POD) for 

which guaiacol used as substrate. Results revealed that unlike SOD, peroxidase (POD) 

showed more than 2 isoforms but showed cultivar and stage specific expression. 

Maximum 2 bands of POD observed in most of the cultivars at seedling and grain filling 

stage while 3 bands observed at flowering stage only. The isoform, POD1 (black) and 

POD3 (yellow) showed increased while POD2 (green) declined upon application of heat 

stress. This pattern of expression was similar among most of the cultivars.  

Cultivar, “IR-6” revealed that at seedling “IR-6” had two, POD1 and POD2, bands of 

peroxidase enzyme (Fig. 24). Expression pattern of this isoform showed that it declined 

under heat stress, initially, but after 72h of heat stress (T72), its expression slightly 

increased than T48. During recovery it showed same band intensity as T72. The second 

band (POD2), observed only under control but under heat stress it showed gradually 

declined and completely disappeared at T72. Flowering stage showed more than two 

POD bands (POD1, POD2 and POD3). POD1 showed no significant change in 

expression upon heat treatment while POD3 (yellow) was increased many folds at T48 

and R48. While POD2 (green) showed similar response as that of seedling and it was 

only found in control, heat treated samples had no POD2 band. At grain filling stage 

cultivar “IR-6” showed no clear bands but the intensity was significantly different among 

the treatments. Heat stress after 24h showed declined in POD expression but at T48 and 

T72, it showed increased in expression while during recovery only R48 had POD bands.  
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Figure 24: Native-PAGE analysis of POD of “IR-6” and “IR-8” subjected to control (C), Heat Shock (42±1 °C) 
for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at 

seedling, flowering and maturity stage.  
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Cultivar “IR-8”, at seedling stage, also showed two bands of POD expression but the 

expression was similar to “IR-6”. POD1 had slightly higher amount of POD at T48 as 

compared to T24 and T72 but recovery condition showed improved expression. At flowering 

stage, it exhibited three POD (POD1, POD2 and POD3) bands as observed in “IR-6”. Unlike 

“IR-6’ in this cultivar POD1 and POD3 showed induction under heat stress only at T48 and 

similarly POD2 was also detectable at R48. At maturity, POD isoforms showed declined 

expression under heat stress but increased during recovery treatments.   

Cultivar “DR-82” exhibited different response for peroxidase activity although it also showed 

two types of POD bands (POD1 and POD2) (Fig. 25) at seedling stage. POD1 declined under 

heat stress condition while increased during recovery, specifically R24 had slightly higher 

expression as compared to other treatments. The second band (POD2) observed only in 

control and gradually disappeared during heat stress. At flowering stage, the overall 

expression pattern of POD showed that heat stress increased its expression while declined 

during recovery.  At later stage, control and T48 showed slightly higher POD activity as 

compared to other treatments.   

Cultivar “DR-83” at seedling exhibited similar pattern of POD enzyme activity as “DR-82” 

(Fig. 25). POD1 at seedling stage increased under heat stress and declined upon recovery 

therefore band thickness of T48 and T72 were quite greater than C and T24. At flowering 

stage, two bands, POD1 and POD3 were observed. POD1 showed similar band intensity at 

each treatments but POD3 showed difference response. At T24 and T72, it had had maximum 

expression as compared to T48, during heat stress while during recovery treatments R48 

exhibited comparatively increased expression. At maturity stage intensity of POD showed 

same amount.  
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Figure 25: Native-PAGE analysis of POD of “DR-82” and “DR-83” subjected to control (C), Heat Shock (42±1 °C) 
for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at 

seedling, flowering and maturity stage.  
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Cultivar “DR-92”, at seedling stage explored three types of POD, POD1, POD2 and 

POD3. POD1 (black) showed slight higher expression during heat stress as compared to 

others (Fig. 26). The band intensity of this POD exhibited that its expression was higher 

under heat stress while during recovery it showed decreased in activity. The band of 

POD2 was much clear at R24 and R48, rest of the treatments had no band of POD2. 

While POD3 observed in control and recovery treatments only while during heat stress it 

was disappeared. At Flowering stage “DR-92” had two POD bands but the band 

thickness showed very low expression as compared to other cultivars at this stage. At 

grain filling stage, POD exhibited that high temperature stress increased its expression 

while decreased upon recovery. Although the bands were not clear but overall expression 

showed increased in expression.  Cultivar “K-95”, at seedling stage, although explored 

same number of POD (POD1, POD2 and POD3) bands as observed previously but their 

expression pattern were quite different (Fig. 26). The uppermost band (POD1) which was 

common in all cultivars showed under heat stress its expression decreased initially but at 

T72 and during recovery it showed increased in expression. The second band (POD2) 

which had low expression at control induced at T24 but at T48 its intensity declined and 

then gradually declined after T48 and T72. During recovery treatments also, POD2 

showed its expression, relatively R72 had highest. The third type of POD (POD3) 

exhibited that its intensity during heat treatment induced and comparatively T72 had 

thick POD3 band. At flowering stage also, “K-95” exhibited 3 types of POD bands but at 

this stage it showed low expression as compared to seedling. Their activity increased 

under stress while slight decrease in band intensity observed during recovery treatments. 
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Figure 26: Native-PAGE analysis of POD of “DR-92” and “K-95” subjected to control (C), Heat Shock (42±1 
°C) for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat stress at 

seedling, flowering and maturity stage.  
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 During grain filling, “K-95” explored two types of POD (POD1 and POD2). Control 

treatment had maximum POD expression while heat stress declined its activity but increased 

upon recovery. POD2 showed increased expression after 24h of heat stress but later its 

expression decreased while recovery treatments increased POD expression.   

Cultivar “Sada Hayat”, at all three growth stages, exhibited very poor performance in terms 

of peroxidase enzyme activity (Fig. 27). At seedling POD1 band intensity revealed slight 

increased in band intensity upon heat exposure. Therefore, T72 had thick band comparatively 

with other heat treated samples. During recovery initially POD, decreased but at R72 it 

showed better expression than R24 and R48. The second type of POD (POD2) was clearly 

detectable at each treatment but showed no effect of heat stress treatments. At flowering 

stage, in “K-95”, although the intensity of POD showed induction under heat stress and 

declined during recovery but the bands were not quite clear and differentiable. At maturity 

stage analysis the results explored two types of POD, POD1 and POD2. POD1 showed same 

band intensity but POD had different bands thickness at different treatments. Similarly 

“Shahkar” responded in quite different manner as compared to rest of the cultivars at least at 

seedling stage (Fig. 27). Like “K-95”, it showed multiple types of peroxidase isoforms, 

POD1, POD2 and POD3 at seedling stage with clear expression pattern. The uppermost band 

(POD1) intensity exhibited that under heat stress its expression increased while slightly 

declined during recovery condition. Maximum expression observed after 48h of heat stress 

(T48) during heat stress. The second isoform of POD (POD2), showed maximum at control 

while reduced under heat stress as observed in “K-95”. However, its expression increased 

during recovery. POD3 showed the similar expression pattern as POD2 but unlike POD2 it 

showed no expression during recovery condition.   
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Figure 27: Native-PAGE analysis of POD of “Sada Hayat” and “Shahkar” subjected to control (C), Heat Shock 
(42±1 °C) for 24 (T24), 48 (T48) and 72 (T72) h and recovery after 24 (R24), 48 (R48) and 72 (R72) h of heat 

stress at seedling, flowering and maturity stage.  
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At flowering stage, it indicated that initially upon heat stress POD had higher expression 

but at T72 its intensity declined. Recovery from heat stress showed increased in POD 

activity but at R72 its expression was much declined. Maturity stage showed relatively 

better POD performance as compared to flowering but similar to flowering isoforms of 

POD at grain filling was not clear.  

4.5 IDENTIFICATION AND CHARACTERIZATION OF STRESS 

PROTEINS  

4.5.1 Total soluble protein  

Amount of total protein, at three growth stages of eight rice cultivars were determined 

under control, heat shocked and recovery conditions. Results revealed no significant 

(p>0.05) differences among cultivars (C) but treatments (T) and their interaction (C X T) 

showed significant (p>0.05) differences at seedling stage. At flowering stage only 

interaction (C x T) showed significant (p>0.05) differences while grain filling stage 

exhibited significant (p>0.05) differences among cultivars (C), treatments (T) and their 

interaction (C x T) for this attribute (Fig. 28). At seedling and maturity stage slight 

decline in concentration of total protein observed due to heat stress as compared to 

flowering stage where no any significant change observed in protein quantity under heat 

stress. In addition seedling showed slight higher amount of proteins as compared to later 

growth stages.   

At seedling stage, under control condition, maximum amount of protein observed in 

“DR-83” (3.1mg/g FW) followed by “K-95” (2.9mg/g FW) while minimum were 

2.2mg/g FW, exhibited by “DR-82”. Under high temperature stress for 24h (T24), highest 
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concentration of protein indicated by “Shahkar” (2.8mg/gFW) followed by “DR-83” 

(2.7mg/gFW) while lowest protein concentration showed by “IR-6” (2.3mg/gFW). At 

T48, cultivar “DR-83” had lowest (2.2mg/gFW) while “Shahkar” had highest 

(2.5mg/gFW) among the group. However, after 72h, “IR-6” showed maximum 

(3mg/gFW) while “DR-83” had minimum (2.5mg/gFW) protein as compared to others. 

Recovery treatments for 24h (R24) exhibited that “K-95” and “DR-83” had lowest 

(2.3mg/g FW) while “DR-92” showed highest (2.6mg/gFW) proteins. At R48, “IR-6” 

and “IR-8” while at R72 “DR-82” had highest protein among the group.  
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Figure 28: Amount of total soluble protein quantified through Bradford assay of eight rice cultivars, IR-6, IR-8, DR-

82, DR-83, DR-92, K-95, Sada Hayat and Shahkar, at three growth stages, seedling, flowering and grain filling under 

normal (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) after 24h 

(R24), 48h (R48) and 72h (R72). 

C = p > 0.05 

T = p < 0.05 

C X T = p < 0.05 

C = p > 0.05 

T = p > 0.05 

C X T = p < 0.05 

C = p < 0.05 

T = p < 0.05 

C X T = p < 0.05 
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At flowering stage, cultivars and treatments showed no significant difference in total 

protein concentration. All cultivars showed protein in the range of 1.4-1.6mg/g FW under 

different temperature treatments. Only “IR-6”, “IR-8” and “K-95” had highest (>1.6mg/g 

FW) at T24, T72 and R48, respectively.  

At grain filling stage, under normal temperature cultivars had approximately equal 

amount of total protein. However after 24h of heat stress “K-95” followed by “DR-92” 

had maximum amount of total protein (~1.65mg/g FW) while “Sada Hayat” showed 

lowest (1.35mg/g FW) among the group. At T48, “K-95” and “Shahkar” showed 

maximum (1.5mg/g FW) while “IR-8” and “DR-82” had minimum (1.3mg/g FW) among 

the group. After 72h of heat stress, “K-95” showed maximum while “Sada Hayat” had 

minimum amount of protein as compared to others. Recovery treatments showed slight 

increase in total soluble protein as compared to stress condition. Among all “K-95” had 

highest amount of protein at R24 and R48 while at R48 and R72 maximum amount of 

protein also showed by “IR-8”.  

4.5.2 Protein proliferation and immunoblotting  

Extracted proteins resolved through electrophoresis (SDS-PAGE) which indicated 

differential expression of proteins among rice cultivars at each growth stages, when 

subjected to different temperature treatments.  

SDS-PAGE results revealed that two to three new protein bands, approximately 90 kDa, 

70 kDa and 40 kDa, was apparently induced under heat tress condition and gradually 

disappeared during recovery condition. All cultivars showed heat stress induced proteins 

but their induction time and band intensity were appreciably different among cultivars. 

However, identification of resolved proteins after transferring onto nitrocellulose 
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membrane through western blotting subsequently treated with antigen-antibody reaction 

revealed clear pattern of differential expression of molecular chaperon, HSP70, in eight 

rice cultivars. At each growth stage, although all cultivars exhibited induction of HSP70 

under high temperature stress and reduction upon recovery but its expression was cultivar 

and growth stage specific. The general pattern of HSP70 expression showed increased 

band intensity from T24 to T72 during stress and decreased gradually from R24 to R72 

during recovery condition. Heat induced heat shock protein (HSP70) observed in all 

cultivars with difference in quantity and induction time. Some cultivars expressed HSP70 

immediately upon heat exposure (T24) while some showed after 48h (T48) and 72h 

(T72) of high temperature stress. Similarly during recovery condition the heat induced 

heat shock protein (HP70) decreased in expression from R24 to R72 and disappeared in 

some cultivars after R48 while some showed expression till 72h (R72) of recovery.  

At early growth (seedling) stage, “K-95” exhibited very efficient expression of HSP70 as 

compared to others as it showed thick band of HSP70 after 24h of heat stress (T24), 

increased again at T48 and T72. During recovery persistent expression for long time 72h 

(T72) with slight decrease in band thickness also observed. Poor expression exhibited by 

“DR-83” in which significant accumulation of HSP70 observed only at T72 while at rest 

of the treatments it showed very low expression and accumulation of HSP70.  

At flowering and grain filling stages, cultivars showed very low expression of HSP70 as 

compared to seedling stage however their band intensity were significantly different 

among cultivars. Although the general expression pattern of HSP70 revealed that during 

heat stress its expression increased many folds and during recovery gradually decreased 
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and then disappeared. But unlike seedling stage, here they showed improper expression 

under stress condition and rapidly disappeared during recovery condition.  

The results of protein profiling (A) and immunoblotting (B) analysis of eight rice 

cultivars treated with temperature regimes at three growth stages are as under: 

Protein profiling (A) and immunoblotting (B) of “IR-6” at seedling stage have shown in 

Fig. 29. SDS-PAGE profiling indicated three types of new protein bands approximately 

90 kDa (red), 70 kDa (black) and 40 kDa  (green) most prominently observed in T24, 

T48, T72, R24, R48 and R72 which were absent in control sample. The protein band 

having 90 kDa and 70 kDa molecular weight showed expression after 24h of heat stress 

(T24) and during recovery condition also with difference in band thickness. The third 

type of heat induced, 40 kDa, protein expressed only after heat exposure to 48h (T48) and 

was barely detectable during recovery treatments. The expression of molecular chaperon 

(70 kDa) protein, during and after heat shock was more prominent than 90 kDa protein. 

Increased intensity of 70 kDa protein band showed after T48 and highest was at R24 and 

then gradually declined (Fig. 29A).   

Immunoblotting (Fig. 29B) analysis of HSP70 manifested that its expression increased 

with increase in duration of heat stress and gradually declined in recovery. The blotting 

result was exactly the same pattern as 70 kDa protein band observed in the PAGE result. 

At control very low amount of 70 kDa protein observed. After T24 band intensity 

increased to some extend but at T48 it showed significant increase in expression. It is also 

observed in the blotting result that relatively R24 had maximum protein expression 

among the treatments and then R48 and R72 showed declined in protein expression at 

least at seedling stage.   
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Figure 29: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-6” at seedling, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72).  

At flowering stage, protein profiling and immunodetection exhibited that “IR-6” had different 

pattern of protein expression as compared to seedling (Fig. 30). Although the expression of 

heat induced proteins also observed at this stage but the thickness of band were too low. 

SDS-PAGE showed that at flowering only stress protein, approximately 70 kDa weights, 

expressed upon heat stress and no other heat induced proteins were observed during heat 

stress. Immunoblotting results also showed that the heat induced protein bands were only 

observed at 24, T48 and T72 during stress condition but after recovery treatments R24 had no 
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127band of 70 kDa however, R48 showed expression. At flowering stage, immunoblotting 

result revealed R48 had relatively maximum expression of HSP70 protein as compared to 

other treatments (Fig. 30).  
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Figure 30: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-6” at flowering, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72). 

At maturity stage, resolving of total soluble protein revealed that 90 and 40 kDa protein 

bands were absent at maturity stage, only newly induced protein, approximately, 70 kDa 

observed under heat stress and remained expressed during recovery condition (Fig. 31). 

Protein profiling showed, T24 had maximum expression of HSP70 (Black), during stress 

condition and R48 during recovery. Western blotting also showed highest protein expression 

at T24, declined to some extant at T48 but T72 showed increased expression of HSP70. R24 

had no band but R48 and R72 had this newly induced stressed protein during recovery.   
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Figure 31: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-6” at maturity, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72). 

Analysis of protein profiling of “IR-8”, at seedling stage, exhibited induction of two new 

proteins band of approximately 90 kDa and 70 kDa (black) under high temperature stress. 

The 90 kDa protein band was prominent at T24, T48 and T72 while control and recovery 

treatments showed no band of HSP90 (Fig. 31). Another newly expressed protein (70 

kDa) observed at T72, R24 and R48 most clearly while it showed very little expression at 

R72. The third differentially expressed protein upon exposure to heat stress as observed 

in “IR-6” was 40 kDa (green) protein.  
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Figure 32: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-8” at seedling, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72). 

Immunoblotting analysis indicated a new protein having same molecular weight (70 kDa), 

induced under heat stress and gradually declined upon recovery treatment. T48 and T72 

showed maximum protein expression and accumulation as compared to other treatments (Fig. 

32). Under normal temperature (C) it showed very low expression.  

At flowering stage the expression pattern of stress induced proteins were quite different from 

seedling stage (Fig. 33). The newly induced protein band expressed only at T48 and T72 

while the rest samples showed no bands. Relatively T48 had maximum expression as the 
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band was thicker at this treatment. The 90 kDa protein was not induced while 40 kDa (green 

arrow) protein bands observed at T48 but it was more prominent at T72.  
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Figure 33: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-8” at flowering, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72). 

Immunodetection of HSP70 showed expression of a 70kDa protein only T48 and T72 while 

rest of the samples showed no expression. Relatively band intensity of HSP70 was maximum 

at T48 (Fig. 33). At maturity stage protein profiling indicated new band of heat induced 

protein (70 kDa) at T48 and T72 while during recovery only R48 had maximum expression 

(Fig. 34). Another heat induced protein approximately 90kDa was observed only at T72. The 

expression of HSP70 observed in T24, T48 and R48 only. Third type of heat induced, 40kDa 
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(green), protein band observed at T24 and maximum expression showed at T48 during heat 

stress while upon recovery R72 had maximum expression.  
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Figure 34: SDS-PAGE protein profiling (A) and immunoblotting (B) of “IR-8” at maturity, under control (28±2 °C) 

(C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 48h 

(R48) and 72h (R72). 

Western blotting analysis revealed expression of HSP70 only at T48 while T24 showed 

very little expression and there were no band HSP70 at T72 during heat stress 

application.  
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Figure 35: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-82” at seedling stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

The above figure shows protein profiling (A) and immunoblotting (B) of cultivar “DR-

82” at seedling stage. SDS-PAGE (A) indicated induction of 90 kDa (red) protein band at 

T24 and T48 during heat stress while no protein band of this newly induced protein 

observed in control, T72 and recovery treatments. Another newly expressed protein band 

of approximately 70 kDa (black) molecular weight, observed very clearly at T72, R24, 

R48 and R72 while very low expression observed at T24 and T48. Green arrow indicates 

the third type of stress induce protein (40 kDa) expressed after heat stress for 24 h (T24) 

and showed maximum expression at T72. Immnoblotting result exhibited induction and  
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accumulation of HSP70 (70 kDa) after 24h of heat stress application (R24) and increased 

at T48 and T72. Interestingly at R24 during recovery showed reduction in HSP70 but 

R48 exhibited increased in accumulation while declined at R72. As the PAGE showed 

maximum expression of this heat induced protein relatively at R48, therefore blotting 

also showed highest protein expression at R48 during recovery treatment (Fig.35). 
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Figure 36: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-82” at flowering  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

At flowering stage, heat induced protein band of approximately 90  kDa were absent but 

70 kDa observed at T24 and T48 of heat stress while disappeared at T72 and during 

recovery which is confirmed from western blot analysis (Fig. 36).  
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Figure 37: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-82” at maturity  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

 

At grain filling stage of “DR-82”, proliferation of total soluble protein through SDS-

PAGE showed very low amount of protein (Fig. 37). Heat induced protein having 

approximately 70 kDa observed only at T48 and R72 while rest of the treatments had no 

band of HSP70. It is confirmed by immunoblotting analysis (B) which showed very low 

expression of HSP70 at T48 and R72 (blue arrow).  
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Figure 38: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-83” at seedling  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h  

(R24), 48h (R48) and 72h (R72). 

Cultivar “DR-83” showed heat induced protein band of approximately 90 kDa most 

prominently at T48 and T72 at seedling stage (Fig. 38) while control and recovery 

treatments had no bands. Another differential expression observed as 70kDa molecular 

weight protein under heat stress and recovery but the band intensity were quite low. Third 

type of heat induced protein of approximately 40 kDa also expressed during and after 

heat stress. Identification of resolved proteins through western blotting showed indicated 

expression of HSP70 (B) under heat stress and accumulated more at T72 and then 

declined during recovery.   
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Figure 39: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-83” at flowering  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h  

(R24), 48h (R48) and 72h (R72). 

SDS-PAGE analysis of protein profiling and immunoblotting analysis of protein 

identification at flowering stage of ‘DR-83”, explored that there were no protein bands of 90 

kDa in any treatments except T48 while 70 kDa protein induced under heat stress relatively 

thick band observed T48. Immunoblotting detection explored up regulation of HSP70 under 

stress condition and declined during recovery. T24, T48 and R24 showed maximum 

accumulation at seedling stage. At maturity stage  protein profiling showed induction of 90 

kDa protein after 48h of heat stress (T48) while it was absent in rest of the treatments. 

Comparatively 70 kDa protein band (black) were quit prominent and clear visible at T48, 
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R24 and R72 and similarly 40 kDa protein band also observed at these three treatments. 

Identification of HSP70 through antigen-antibody reaction manifested expression and 

accumulation of HSP70 at T48, T72 and R48. 
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Figure 40: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-83” at maturity stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 
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Cultivar “DR-92” at seedling stage indicated induction of approximately 90 kDa (red) 

protein at T24, T48 and T72 while it was absent in control and recovery treatments. 

Another newly expressed protein of approximately 70 kDa (black) induced immediately 

after 24h of heat exposure and showed persistent expression during recovery also. The 

third differential expression was induction of a protein band upon heat exposure having 

molecular weight of 40 kDa (green) which showed maximum expression at T72.  
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Figure 41: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-92” at seedling  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h  

(R24), 48h (R48) and 72h (R72). 
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Western blotting analysis of HSP70 (70 kDa) showed clearer pattern of its expression in 

“DR-92” treated with high temperature stress at seedling stage. It indicated that HSP70 

was induced during heat stress (T24) and increased in expression with increase in 

exposure time (48 and 72h).  

Therefore, maximum expression of HSP70 exhibited at T48 and T72 while declined 

during recovery treatments. After 72h of recovery treatments (R72) HSP70 was 

disappeared (Fig. 41B).   
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Figure 42: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-92” at flowering  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 
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At flowering stage, protein band of 90 kDa molecular weight was absent while 70 kDa 

protein (HSP70) was only induced at T48 (Fig.42). Western blotting analysis of HSP70 

exhibited expression of heat induced protein of approximately 70 kDa at T48 and T72.    

At grain filling stage, SDS-PAGE showed 70 kDa proteins was up regulated during stress 

condition as the seedling and flowering stage. Blotting results also showed that at T24 

and T72, HSP70 were over expressed under high temperature stress (Fig. 43).  
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Figure 43: SDS-PAGE protein profiling (A) and immunoblotting (B) of “DR-92” at maturity  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 
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Figure 44: SDS-PAGE protein profiling (A) and immunoblotting (B) of “K-95” at seedling  stage, under control (28±2 

°C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 

48h (R48) and 72h (R72). 

Like other rice cultivars, “K-95”, also showed induction of heat responsive proteins when 

subjected to high temperature stress at seedling stage (Fig. 44). At this stage protein 

profiling suggested that heat induced protein nearly 90 kDa (red) was over expressed at 

T24, T48 and T72 during heat shock condition and recovery treatments also showed 

expression of this protein. Another heat responsive protein found up regulated under heat 

stress was 70 kDa protein (HSP70). This 70 kDa (black) protein was induced 
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immediately after heat stress application (T24) but maximum expression showed at T48, 

T72 and R24. Non-stressed (C) sample also showed very low quantity of HSP70 (70 

kDa) as compared to rest of the treatments. Third type of heat induced protein of nearly 

40 kDa (HSP40) also observed with very low concentration during heat stress condition.  

Immunoblotting analysis revealed, “K-95”, had relatively higher expression and 

accumulation of molecular chaperon HSP70 (70 kDa) as compared to all other cultivars 

at seedling stage (Fig. 44B). Under control condition expression of HSP70 was very low 

but after 24h of high temperature stress (T24) it induced many folds. Expression and 

accumulation of HSP70 was found maximum after 48h (T48) and 72h (T72) of heat 

stress while during recovery condition expression of HSP70 gradually declined. Unlike 

other cultivars at seedling stage “K-95” had slightly better expression of HSP70 during 

recovery therefore it showed persistent expression even after 72h of recovery (R72).  

At flowering stage protein profiling explored that induction of new protein band of about 

70 kDa upon heat stress for 48h (T48) and 72h (T72) but during recovery treatment it was 

not clear (Fig. 45). The 90kDa protein band were absent at this stage however, the third 

type of heat responsive protein (40kDa) showed up regulated under stress condition 

(blue). Western blotting result manifested that HSP70 (70kDa) were induced upon heat 

stress in “K-95” which showed persistence expression during recovery condition also. 

Intensity of HSP70 at flowering stage was quit well as compared to other cultivars at this 

stage.  
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Figure 45: SDS-PAGE protein profiling (A) and immunoblotting (B) of “K-95” at flowering  stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

 

At grain filling stage, induction of 90 kDa protein (HSP90) was not clear but protein band 

of nearly 70kDa (black) found over expression after 72h of heat stress (T72). It also 

showed up regulation of 40kDa (green) protein band (Fig. 46). Immunoblotting detection 

of HSP70 manifested that induction and accumulation of heat induced HSP70 upon heat 

exposure was most prominent after 72h (T72) only (Fig. 46B).  
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Figure 46: SDS-PAGE protein profiling (A) and immunoblotting (B) of “K-95” at maturity stage, under control (28±2 

°C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h (R24), 

48h (R48) and 72h (R72). 

 

Protein characterization through SDS-PAGE (A) and identification by western blotting 

(B) of cultivar “Sada Hayat”, treated with control, high temperature treatments and then 

recovered from heat stress at seedling stage have shown in Fig.47. Result indicated that 

heat stress induced new proteins of different molecular weights as observed in previous 

cultivars. The highest molecular weight protein expressed upon high temperature stress 

was about 90kDa (red). This new protein bands were observed at T24, T48 and T72 

during stress while absent in C, R24, R48 and R72. 
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Figure 47: SDS-PAGE protein profiling (A) and immunoblotting (B) of “SADA HAYAT” at seedling stage, under 

control (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments 

for 24h (R24), 48h (R48) and 72h (R72). 

The second biggest heat responsive protein was 70 kDa (black) protein (HSP70) induced 

at T24 to R72 and then declined. In this cultivar the band of 70 kDa protein was not so 

much clear as observed in previous cultivars. Another protein which showed up 

regulation under heat stress was nearly 40 kDa protein (green) which showed maximum 

expression at T72 (Fig. 47). Immunoblotting analysis of HSP70 exhibited that HSP70 
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was significantly expressed and accumulated many fold during heat stress and showed 

equal concentration even after 48h of recovery but at R72 its expression was declined.  
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Figure 48: SDS-PAGE protein profiling (A) and immunoblotting (B) of “SADA HAYAT” at flowering stage, under 

control (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments 

for 24h (R24), 48h (R48) and 72h (R72). 

At later flowering stage 90 kDa (red) protein band was not much clear although 70 kDa 

protein bands were induced under heat stress. SDS-PAGE result showed no clear 

difference in protein expression at this stage. Immunoblotting analysis of HSP70 

identification confirmed that the expression of 70 kDa protein band was only detected 

after 72h of heat stress (T72) while rest of the treatments showed no band of HSP70.  
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Figure 49: SDS-PAGE protein profiling (A) and immunoblotting (B) of “Sada Hayat” at maturity stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

At grain filling stage, SDS-PAGE analysis of total protein showed a newly expressed 

protein of approximately 90 kDa molecular weight (HSP90) was up regulated only at T72 

at which 70 kDa was absent while 70 kDa protein induced in T24, T48 and R24 in which 

90 kDa protein was absent. Interestingly low molecular weight 40 kDa (green) protein 

was also induced only at T24 and T48 while it was absent in T72. Western blot showed 

that HSP70 expressed and accumulated in T24 and T48 while no band was observed in 

T72 as there were no bands observed in protein profiling (Fig. 49). 
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Figure 50: SDS-PAGE protein profiling (A) and immunoblotting (B) of “Shahkar” at seedling stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72).  

Protein profiling and western blotting attributes of “Shahkar” at seedling showed similar 

response as observed in other cultivars (Fig. 50). Protein resolution explored that nearly 90 

kDa molecular weight protein (HSP90) was induced upon heat stress and during recovery 

treatments also but at R72 it was absent. However, 70 kDa molecular weight proteins 

(HSP70) was induced after 48h of high temperature stress and remained expressed till R72. 

While, 40 kDa protein expression was not clear. Protein transfer to nitrocellulose membrane 

and treatment with antibody against HSP70 exhibited induction and accumulation of a 70 
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kDa protein during heat stress and gradually decreased when heat stress removed. During 

recovery treatment also its expression was higher.  
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Figure 51: SDS-PAGE protein profiling (A) and immunoblotting (B) of “Shahkar” at flowering stage, under control 

(28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments for 24h 

(R24), 48h (R48) and 72h (R72). 

At flowering stage, “Shahkar” showed new protein band of 70 kDa after 48 h of heat 

stress (T48) prominently as compared to T24.  Immunoblotting results showed that 

HSP70 expressed at T48 and T72 during heat stress and disappeared during recovery.  
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Figure 52: SDS-PAGE protein profiling (A) and immunoblotting (B) of “SHAHKAR” at grain filling stage, under 

control (28±2 °C) (C), heat shock (42±2 °C) for 24h (T24), 48h (T48), 72h (T72) and recovery (28±2 °C) treatments 

for 24h (R24), 48h (R48) and 72h (R72).                         

 

At maturity stage, 90 kDa protein was absent under heat stress and recovery also but 70 

kDa protein bands were observed during heat stress conditions most prominently at T24. 

40kDa protein was also induced under heat stress. Western blot analysis of “Shahkar” at 

maturity manifested 70kDa protein up regulated upon heat stress after 24h (T24) while 

only R48 showed very low concentration of HSP70 (Fig. 52).           
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Chapter # 5 

DISCUSSION 

Growth, yield and physiological attributes       

Yield of major economically important crops like wheat, maize and rice are affected by 

heat stress (Gunderson et al., 2000) specifically, rice showed 10% decline upon 1°C 

increase in temperature (Peng et al., 2004). Presently rice is grown in many regions of the 

world where temperature recorded close to optimum for cultivation of rice so any 

increment in current temperature can reduce total yield by 41% (Ceccarelli et al., 2010). 

Therefore, one of the most important ways to achieve maximum rice yield and 

productivity under the threat of global warming is to adopt thermotolerant cultivars 

(Zhang et al., 2013). Thus, screening of rice cultivars for themotolerance and use them in 

breeding programs to develop high temperature stress tolerant rice varieties is one of the 

viable solution (Parasad, 2006). Screening for thermotolerance should be carried out at all 

its growth stages, because all of the growth stages of rice are affected by high 

temperature stress (Shah et al., 2011) and the severity of damage determines by the 

growth stage at which it experience with heat stress (Wahid, 2007). Therefore, this study 

was carried out to explore response of rice in terms of growth (plant height, dry mass 

etc), yield (panicle length, grains per panicle, filled/unfilled grains), physiological (cell 

membrane thermostability, lipid peroxidation, H2O2 production and osmolyte 

accumulation) and biochemical (stress proteins, antioxidant enzymes), attributes under 

high temperature stress. Because retardation in growth and yield or death of whole plant 

or a part of it, due to aberrant metabolism leading metabolic injuries, are the cause of 

stresses, usually plants face in the field condition (Bonnet et al., 2006). 
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Initially rice cultivars were screened out for their potential to germination under elevated 

temperature (42°C±1), through determination of speediness to germination in terms of 

promptness index (P.I) and germination percentage in terms of germination stress index 

(G.S.I.) because germination stage, among all the other growth stages, affects first by 

heat stress (Hassanuzzaman et al., 2013). In most of the plants reported that germination 

of seed, seedling emergence and establishment were prone to high temperature (Ashraf 

and Hafeez, 2004; Burke, 2001) differing in inter and intra-accessions variations (Omae 

et al., 2012).  The germination potential assessment revealed cultivar “K-95” had 

maximum germination percentage and speediness to germination, among the group while 

some of the cultivars like “DR-92” and “DR-82” showed delayed and low percentage of 

germination. This variation in effect of heat stress on germination process was associated 

to duration of heat stress condition and cultivar specific. Results analysis manifested that 

cultivars showed significant variations for these attributes, possibly due to the differing in 

level of water content, activity of hydrolytic enzymes and carbohydrate metabolism 

(Wahid et al., 2007). In this regard, production of ethylene and induction of ABA 

(Munne-Bosch et al., 2002), changes in seed protein expression and vigor of seedlings 

(Ren et al., 2009), declined activity of key enzymes (Riley, 1981), are involved in 

determination of germination potential under heat stress condition (Essemine et al., 

2010). It means “K-95” and the cultivars which showed maximum germination had 

efficient metabolic activities, better expression of enzymes and proteins necessary for 

efficient germination which is desirable trait for maximum yield.    

Al later, seedling, flowering and grain filling growth stages, determinations made for this 

study revealed that although heat stress has very little effects on plant height (Fig. 2), but 
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decreased in shoot fresh (Fig. 3) and dry (Fig. 4) weight were significant among cultivars 

and treatments. Some of the cultivars showed reduction in plant height under stress 

condition possibly due to reduced meristematic activity and declined growth of various 

plant parts mainly tips, consequently declined plant height under heat stress (Salah and 

Tardieu, 1996). In plants it is reported that high temperature stress stopped cell wall 

elongation and arrested cell differentiation (Porter et al., 2007). However, recovery 

treatments exhibited that these attributes tended to recover the heat induced damages 

approaching nearly normal condition, most prominently, the attribute of fresh and dry 

weight. The results suggested that even short-term (3 days) exposure to elevated 

temperature (42°C) is enough to hampered rice growth appreciably, may be due to the 

reduction in photosynthesis, declined efficiency of water and nutrient use, less 

partitioning of assimilation rates under stress condition (Zimmerzaman, 2006; Camejo et 

al., 2005; Momcilovic and Ristic, 2007). Therefore, under stressed condition they showed 

very low biomass Kim et al., (2007) because, heat stress decreased dry weight (Wahid et 

al., 2012). Among the cultivars, “K-95” had least effected under heat stress therefore, 

showed less reduction in shoot fresh and dry weight as compared to “DR-82” and “DR-

83”, which showed maximum heat induced damages in terms of growth attributes. 

Similarly, effect of heat stress treatments on yield of rice also showed “K-95” and 

“Shahkar” had long panicles, maximum number of filled grains as compared to others. 

Plant varieties with suitable and appropriate size help to address with heat waves 

(Wassmann et al., 2009). “K-95” was tallest with more tillers and leaves that may be 

contributed in heat stress tolerance as plants with many leaves can survive under heat 

stress due to increased in transpiration cooling (Shah et al., 2011). Rice cultivars, having 
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maximum seedling vigor, high number of tillers, better growth rate and potential of 

maximum yield, help to cope with drastic effect of global warming (Madan et al., 2012). 

For adaptation to global warming increasing biomass production is critical which can 

only be possible if new tillers or growth of individual tillers produce by rice plant through 

proper resource partitioning (Shimono and Okada, 2012). Hence, the cultivars having 

improved ability of resource partitioning had maximum number of tillers per plant and 

they withstand in the field beside high temperature stress. Increment in number of tillers 

ultimately uplift rate of photosynthesis via increasing the leaf area and transpiration, 

which increased number of panicles per plant, essential contributor in increasing total 

grains and weight (Peng et al., 2000; Baker, 2004; Luquet et al., 2005; Takai et al., 2006; 

De-Costa et al., 2007; Ishii et al., 2011 and Shimono, 2011). In this study growth and 

yield attributes significantly showed that comparatively cultivar “K-95” had maximum 

height, shoot fresh weight; shoot dry weight, number of tillers, number of florets and 

number of filled grains. Cultivars, “Shahkar”, “IR-6” and sometimes “IR-8”, were 

moderately, heat tolerant while “DR-82”, “DR-83”, “DR-92” and “Sada Hayat” showed 

susceptible to elevated temperature, atleast in terms of  growth and yield characteristics. 

Because, components that contribute in maximum yield include, number of tillers, 

panicle length, grain numbers per panicle, weight of grains (Farooq et al., 2011; Parasad 

et al., 2006a, b). At all these attributes were better in cultivar “K-95” among the group 

therefore it had maximum yield.  The cultivars which showed poor fruit set was might be 

due to declined in growth regulators and carbohydrate released in sink tissue of the plants 

(Kinet and Peet, 1997). Some other studies showed changes in protein content of grains 

under heat stress contributed in reducing grain weight (Wardlaw et al., 2002; Peng et al., 
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2006). Maximum utilization of available solar energy and assimilate partitioning into 

fruit set can increased crop yield (Zhu et al., 2010). So for maximum yield greater 

number of grains must be produce which is only possible if greater biomass resources 

divert to grain formation. Our result showed that maximum plant height, dry matter, 

tillers per plant and panicle length contributed “K-95” for increased production of yield 

beside heat stress application.   

In order to evaluate the integrity of cell membrane under high temperature stress 

condition it is suggested to measure electrolyte leakage under stress condition 

(Mohammad and Tarpley et al., 2009) because it is observed that increased ion leakage is 

directly proportional to effect of high temperature stress (Almeselmani et al., 2006). 

Thermal stability of cell membrane is very important because key photosynthesis process 

including some enzymes and function of thylakoid membrane are strongly depends on 

cell membrane thermostability (Mohammad and Tarpley, 2009). The central component 

of maximum crop yield and productivity under high temperature stress is the well 

functioning biological membrane (Raison et al., 1980). Leaky membranes under heat 

shock had negatively effect on maximum yield therefore, this phenomenon was explored 

for the same purpose after temperature treatments at all three growth stages. Results 

revealed that heat stress increased electrolyte leakage many folds and declined upon 

recovery treatments. The pattern of increased and decreased in electrolyte leakage 

indicated that it is growth as well as cultivars specific (Fig. 12). At all the growth stages 

significant difference observed among, cultivars, treatments and their interactions. 

Relatively seedling stage had maximum leakage followed by flowering and then maturity 

stage. Among cultivars, “K-95”, “Shahkar” and “IR-6” had least electrolyte leakage 
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while “DR-82”, “DR-92” and “Sada Hayat” showed excessive electrolyte leakage. 

Cultivar “K-95” also had maximum growth and yield, might be due to the enhanced cell 

membrane thermostability because improved function of biological membrane is 

important for sustained respiration and photosynthesis under heat stress condition (Blum, 

1988). The functions and integrity of membrane bilayer are susceptible to heat shock, as 

it disrupts structures of proteins and lipids within biological membrane consequently it 

cause cell membrane more fluid and loss electrolytes (Wahid et al., 2007). Plant type, age 

of tissue, sampling method, organ under observation, growth stage etc. determines level 

of electrolyte leakage (Karim et al., 1999). Increased leakage of electrolytes may also 

cause inside movement of extracellular calcium ions (Ca
2+

) and accelerate Ca
2+ 

channel 

(Saidi et al., 2009) but if not recovered the damage and excessive leakage will occurr that 

can contribute in catastrophic collapse of tissue organization and even cell death (Schoffl 

et al, 1999). Therefore, for screening thermotolerant genotypes, electrolyte leakage is 

suggested to use as a screening tool (Yeh and Lin, 2003). 

Another pronounced effects of high temperature on cellular biology is membrane lipid 

peroxidation leading loss of membrane integerity and used for direct measure of heat 

induced damages and tolerance in many plant species (Wahid and Shabbir, 2005; Wahid 

et al., 2007). This research manifested that high temperature stress generated oxidative 

stress by over synthesis and accumulation of activated oxygen species (H2O2),  which 

acted on membrane lipids and peroxidized them leading membrane damage and excess 

electrolyte leakage. All varieties exhibited over production of H2O2, increased MDA 

content and excess electrolyte leakage (EC) under heat stress and upon recovery they 

showed improvement. This pattern of physiological functions was different among 
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cultivars. Lesser H2O2, lowest MDA and minimum leakage exhibited by “K-95” as 

compared to others. Like other abiotic stresses, high temperature stress disrupts key 

enzymes activity and functional metabolic pathways, causing over production and 

accumulation of reactive oxygen species (ROS) which are highly reactive and cause 

oxidative stress (Asada, 2006). Consequently a chain of physiological and biochemical 

damages occurs (Moller et al., 2007), because it reacts with key biological molecules, 

proteins, DNA, lipids etc. and deteriorate them (Karuppanapadian et al., 2011; Camejo et 

al. 2006). As our results showed that, heat stress increased lipid peroxidation, giving 

maximum melondialdehyde (MDA) content in stressed plants as compared to non-tressed 

plants. Cultivars, treatments and their interaction showed significant variation for this 

attribute. Similar results also reported by Cao et al., (2009) and Suzuki et al., (2012) in 

rice under heat stress at reproductive stage. Assessment of thermostability in wheat also 

manifested that high temperature induced oxidative stress enhanced peroxidation of 

membrane lipids and declined cell membrane thermostability due to increased in 

electrolyte leakage about 28-54%  (Savicka and Skute, 2010). Cultivars which showed 

increased electrolyte leakage also had maximum hydrogen peroxide concentration and 

high MDA content under high temperature stress and the reverse was true for non-

stressed cultivars because they are inter-connected (Soliman et al., 2011). Low level of 

H2O2, minimum MDA and less RMP, might have contributed in maximum yield 

production and active growth of “K-95” under stress condition. While heat susceptible 

cultivars which showed excess electrolyte leakage also showed increased accumulation of 

MDA and H2O2 as reported by Djanaguiraman et al., (2010) and Savicka et al., (2010). 

This investigation exhibited that minimum leakage of electrolytes, low MDA content and 
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least accumulation of H2O2 are simple and accurate method to determine heat stress 

induced damages at least at physiological level. Because peroxidation of membrane lipids 

due to over production of reactive oxygen species is the consequences of heat stress (Jain 

et al., 2001) and have been widely used as an assessment criteria (Yin et al., 2008). In our 

study a strong positive correlation was observed between electrolyte leakage and MDA 

which supported the fact that both these are linked to cell membrane damage caused by 

free radicals (Xu et al., 2006; Ali et al., 2005).  

In most of the plants, subjected to unfavorable environmental conditions, i.e. extreme 

temperature, water deficit, salinity, an important adaptive mechanism to cope with these 

stresses is accumulation of low molecular mass organic compounds also called osmolytes 

(Sakamoto and Murata, 2002). Different types of osmolytes including, glycinebetaine 

(GB), proline, ammonium and sulphonium compounds, sugars and sugar alcohols may 

accumulate under stress conditions by different plant species (Sairam and Tyagi, 2004; 

Kavi et al., 2005). Over production and accumulation of osmolytes like proline, under 

different environmental stresses has been established (Hassanuzzaman et al., 2013). 

Significant accumulation of proline under high temperature stress can play role in 

maintaining cellular redox potential (Wahid and Close, 2007; Sato et al., 2006; Bohnert et 

al., 2006; Farooq et al., 2008a) and maintain water balance, under stress (Alia et al., 

1998) hence, play protective role under stress conditions (Matysik et al., 2002; Wahid et 

al., 2008). Due to the importance of proline in maintaining cellular homeostasis and 

thermotolerance, its accumulation in eight rice cultivars, treated with high temperature 

stress at seedling, flowering and grain filling stage was carried out in order to explore 

different rice cultivars in thermotolerance. Results indicated heat stress significantly 
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induced proline accumulation at each growth stages in all cultivars. Treatments showed 

high proline production under heat stress condition while declined upon recovery 

treatments. Relatively “K-95” had highest proline when exposure to heat stress (T72) at 

all the three growth stages as compared to other cultivars. It might be due to efficient 

signal transduction and or gene activation for proline synthesis. The ability of proline 

accumulation under stress condition depends on species, plant tissue under investigation, 

past memory, genetic factors (Quan et al., 2004, Ashraf and Foolad, 2007). Therefore, 

significant differences in terms of proline accumulation observed among cultivars and 

between growth stages. Present study explored that all cultivars had potential to 

accumulate free proline under heat stress condition at all growth stages and declined upon 

recovery but the amount of proline were quite different among cultivars. Relatively, “K-

95” had maximum accumulated proline at all three growth stages, most prominently at 

flowering and grain filling stage.   
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Antioxidant enzymes 

With the study of physiological mechanisms, quantitative and qualitative analysis of ROS 

scavengers including SOD, CAT, APX and POD were also carried out because, one of 

the most deleterious and lethal issue of cellular injury and tissue senescence is the 

generation and post reactions of reactive oxygen species which should be detoxify by 

these enzymes (Liu and Huang, 2000). Maximum level of expression and activity of 

antioxidants is very important and essential to protect cell from ROS induced damages 

(Larkindale and Knight, 2002; Suzuki and Mittler, 2006). Therefore, the general 

mechanism manifested by most of the stress tolerant plants to protect themselves against 

deleterious effects of ROS is to upregulation of different antioxidant enzymes, which can 

influence essential and important cellular processes such as cell division, programmed 

cell death, responses to many abiotic stresses and defense against pathogens, through 

controlling gene expression system (Abiko et al., 2005). But heat stress alters 

performance of antioxidant enzymes in many crops including maize and barley 

(Nahakpam et al., 2011). Similarly, in creeping bent-grass SOD activity showed declined 

after exposure to 35°C for 2 weeks (Liu et al., 2000) while wheat showed significant 

increased in SOD activity under high temperature stress (Almeselmani et al., 2006). But 

in rice, effect of high temperature stress on antioxidant enzyme defence system, at its heat 

sensitive growth stages and their role in thermotolerance need to be explore. Therefore, 

response of antioxidant enzymes including superoxide dismutase (SOD), catalase (CAT), 

ascorbate peroxidase (APX) and peroxidase (POD) were also determined, in order to 

elucidate and correlate their expression and activity with heat stress tolerance in rice. The 
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results of both quantitative (Spectrophotometric) and qualitative (Native-PAGE) analysis 

are discussed.  

Quantitative analysis of antioxidants enzymes were carried out according to the standard 

protocol and the outcome of the study are discussed. Statistical analysis revealed 

significant (p<0.05) difference in enzymes activity among rice cultivars at different 

temperature treatments. The general expression pattern of these enzymes manifested that 

under heat stress some of the enzymes (SOD and POD) increased their expression while 

some enzymes (APX and CAT) were declined. Those enzymes which were induced 

under heat stress should be increased activity while heat sensitive enzymes should have 

improved and minimal decrease in activity for efficient detoxification of ROSs. In 

addition the decreased in activity of CAT enzyme under heat stress was stage specific in 

nature. Activity of SOD, CAT, APX and POD enzyme were highest in cultivar “K-95” as 

compared to other cultivars at all three growth stages. Response of individual enzymes 

towards thermal stress is discussed below.  

Quantitative analysis of superoxide dismutase (SOD) exhibited that heat stress induced 

its expression and declined upon recovery treatment. This pattern of SOD expression was 

prominent at seedling stage at which 600U (maximum) of SOD observed during stress 

while non-stressed plants showed not more then 100U. Statistical analysis exhibited that 

treatments and their interaction with cultivars had significant (p<0.05) differences for this 

attribute. At flowering stage SOD showed no significant increment while at grain filling 

stage it showed declined activity under heat stress condition. This pattern of SOD activity 

was different among different cultivars. At seedling stage, SOD showed slightly lower 

activity (600U) under heat stress as compared to flowering (900U) while grain filling 
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stages also had maximum 600U. Native-PAGE analysis explored this difference in 

expression pattern. A slight increased in band intensity of SOD was observed after 24h of 

heat stress (T24) but with increased in exposure time, SOD band intensity declined while 

recovery treatments improved its expression at seedling stage. However, flowering stage 

manifested induction of more then one isoforms under stress condition with significant 

increment in activity under heat stress condition. Cultivars “K-95” showed two SOD 

isoforms with increased in activity upon heat stress application. One of the SOD band 

only observed in heat stressed tissue while it was not observed in control samples. The 

over expression and induction of new SOD isofrom in “K-95” under heat stress 

condition, might have helped them to cope with heat induced damages because maximum 

SOD activity is strongly associated with plant heat tolerance (Mohammad and Tarpley, 

2009). At grain filling stage cultivars showed upregulation of SOD expression after 24h 

of heat stress application (T24) but with increased in time duration SOD activity 

declined. Simlarly recovery treatment after 24h (R24) and 48h (R48) showed slight 

increment in SOD activity as compared to T72 but after 72h (R72) its activity again 

declined.   

Calatase (CAT) enzyme also have equal importance as other antioxidant enzymes have 

because it also play key role in plant defense against environmental unfavorable 

condition and to scavenge ROS (Polidoros et al., 1999). Gene responsible for CAT 

expression found different in different species i.e. 3 genes found in Arabidopsis thaliana 

(Frugoli et al., 1996) and maize (Guan et al., 2000). In rice identification of total number 

of genes are under progress but 3 shoot while 2 root CAT isozymes were observed under 

combined effect of heat and cadmium (Shah and Nahakpam, 2012). Expression pattern of 
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CAT showed variable response under high temperature in different crops i.e. wheat 

showed increased CAT activity (Almeselmani et al., 2006) while we rice showed stage 

specific response. Rice showed decreasing expression of CAT enzyme under heat stress 

at seedling stages at which maximum 6000U exhibited in cultivars. At later two growth 

stages (flowering and grain filling) CAT enzymes showed induction under thermal stress 

but quantity of enzymes was slightly lower as compared to seedling. Among cultivars 

“K-95” showed maximum activity, most prominently at flowering and grain filling 

stages. In case of CAT activity our result was not similar as Nahakpam and Shah (2011), 

reported in rice treated with heat stress and cadmium stress, possibly due to combination 

of stresses in their experiment.     

Ascorbate peroxidase (APX) enzyme is the key factor in degradation of ROS mainly 

hydrogen peroxide (H2O2) to water (Foyer and Lelandais, 1996). This removal of H2O2 

carried out through the Foyer–Halliwell–Asada pathway by APX, combined with 

dehydroascorbate reductase (DHAR), monodehydroascorbate reductase (MDHAR) and 

glutathione reductase (GR) (Halliwell, 2006; Foyer and Halliwell, 1976). Therefore, to 

control excess production of H2O2, APX expression should be increased with increase in 

heat stress because synthesis of ROS found increased under heat stress condition. This 

study explored that activity of APX enzyme under thermal stress is also growth stage 

specific as CAT enzymes, may be due to the similar function. At seedling stage all 

cultivars showed decline in APX activity but cultivars showed no significant variation 

under heat stress condition while during recovery recovery treatment cultivars showed 

variable but increased APX activity as compared to stress condition. At flowering and 

grain filling stages although maximum APX enzymes (4000) units was observed as 
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compared to seedling (400U) but response of cultivars were different. Studies showed 

that ascorbate peroxidase (APX) is more sensitive under high temperature stress in plants 

(Panchuk et al., 2002) therefore for better performance of APX enzyme under heat 

stresses it must have high temperature inducible APX transcriptional activation genes 

(Foyer et al., 1997). It can be concluded that different response of APX activity at 

different growth stages and among cultivars was possibley due to the number of genes 

and their regulation under stress condition.   

Maximum  activity of only SOD are not ideal because higher activity of SOD gives H2O2 

which must be convert into water and oxygen, only be possible by POD or CAT. 

Therefore, heat tolerance also related to efficient expression and activity of CAT and 

POD as observed previously in grass, been and maize (Jiang and Huang, 2001; 

Scandalios et al., 2000 and Ye et al., 2000). Increased activity of POD and its role in 

thermotolerance under high temperature stress have been reported (Ilba, 2002). Although 

rice has many genes for POD but isoforms showed, most of POD isozymes are same 

molecular weight and charges therefore difficult to differentiate (Shah and Nahakpam, 

2012). Rice shoots had seven groups of POD isofroms, observed constitutively expressed 

under control condition which showed increased band intensity upon exposure to heat 

stress (Shah et al., 2004) but we observed maximum 4 POD isoforms in leaved of rice 

cultivars. All cultivars at each growth stages and treatments, showed increased POD 

activity under heat stress while declined during recovery condition. Seedling stage 

showed maximum POD activity (1200U) as compared to flowering (7000U) and grain 

filling stage (4000U).  At seedling stage “Shahkar” and “K-95” showed significant 

variation in POD activity among the group. At flowering stage although heat stress 
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increased POD enzyme activity but “IR-6” and “IR-8” showed maximum expression 

among the group under stress condition. Similarly, at grain filling stage heat stress 

induced POD expression and activity but with increased in exposure to heat stress POD 

delined in some cultivars.  The expression pattern was further confirmed by 

electrophoresis (zymography). The Native-PAGE analysis manifested that POD isoforms 

responded under heat stress differently at different growth stages. Some had thick bands 

under control while some showed enhanced expression during recovery. Similarly, some 

cultivars had more than 2 POD isoforms while others had ≤ 2. POD clearly indicated 

cultivarial, growth specific, temperature dependent response. At seedling and flowering 

“K-95” and “IR-6’ had multiple POD bands as compared to other cultivars.  Induction of 

POD was observed in strawberry (Gulen and Eris, 2003) under heat stress wheat showed 

declined in POD (Liu et al., 1995).  

In conclusion, a high temperature stress tolerant cultivar should have increased activity of 

antioxidant enzymes including APX, CAT, POD and SOD under heat stress condition 

because maximum expression of these enzymes can detoxify and control over production 

and accumulation of ROS. Which altimately protect lipid peroxidation and excess 

electrolyte leakage, assuring life consistancy under stress condition. We observed that all 

those rice cultivars which showed improved and consistant antioxidant enzyme activity 

under high temperature stress also had better growth and maximum yield. Qualitative 

analysis SOD and POD enzyme explored the differences among cultivars to cope with 

heat stress. Superoxide dismutase (SOD) at seedling stage showed single band, but 

induced under stress and declined during recovery. At later, flowering stage, all cultivars 

showed single band except “K-95” which showed new band upon exposure to heat stress. 
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This was not observed at seedling as well as grain filling which also showed single band. 

But peroxidase (POD) enzyme showed more than one bands, some showed increased in 

expression while some decreased under heat stress. “K-95” and “Shahkar” showed 

maximum amount and bands of POD among the group.   
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Stress proteins 

Induction of heat shock proteins having wide range of molecular masses (10-250 kDa), 

improved expression and activity of ROS scavengers, maintenance of biological 

membrane integrity and adjustment of cellular osmotic potential through accumulation of 

osmolytes, are the most common tolerance mechanisms of plants submitted to thermal 

stress. Specifically, heat shock proteins (HSPs) are associated to various organelles and 

structures of cell which have chaperonic activity and can provide protection against heat 

stress (Lin et al., 2014; Sanmiya et al., 2004). Among HSPs, thermotolerance of cells and 

tissues was much dependent upon up regulation of HSP70, in many plant species 

(Gurley, 2000). Studies on functional molecular biology proved that expression and 

accumulation of HSP70 had much relevance with abiotic stress tolerance (Abreu et al., 

2013).  It is now well known fact that the enhanced expression of HSP70, assist in 

proteolysis, translation, translocation, folding of newly synthesis proteins, refolding of 

denatured protein,  aggregation and transportation of damaged proteins (Gorantla et al., 

2007; Zhang et al., 2010). The molecular chaperon (HSP70) is widely studied and has 

great contribution in abiotic stress tolerance in many plant including both monocots and 

dicots (Bravo et al., 2009; Wahid and Close, 2007). However, despite extensive use as a 

model plant for many aspects, response of rice under high temperature stress tolerance at 

molecular level are unclear (Lin et al., 2014; Shah et al., 2011) Evidence of HSP70 

induction under thermal stress at seedling stage was provided by Lee et al., (2007) but its 

expression pattern at later growth stages and role as potential biomarker for high 

temperature stress tolerance was not explored.  
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This study was designed to explore the expression pattern of molecular chaperon 

(HSP70) under high temperature stress using eight local rice cultivars at three growth 

stages and correlate with total yield for elucidation of their role as potential biomarker of 

heat stress tolerance. For this determination were made for total soluble proteins which 

revealed no significance differences among cultivars (C), treatments (T) and cultivars x 

treatments (C x T). This suggested that heat stress had no significant effect on the 

quantity of total soluble proteins but affected the expression and quantity of heat shock 

proteins, particularly, HSP70. However, in context of relative heat tolerance of eight rice 

varieties, it is very important that induction and expressional level as well as quality of 

heat stress proteins may be more important. Induction of heat shock proteins (HSPs) not 

only reported in short-term stress response but in acclimation to heat stress its expression 

is crucial (Timperio et al., 2008). For adaptation and survival of any plant under heat 

stress, efficient and in-time expression of HSPs act as key factor in protection of 

metabolically important organelles, enzymes, proteins etc., in sensitive organs (Shah et 

al., 2011; Wahid et al., 2007). Cell membrane thermal stability, efficient water and 

nutrient use, assimilate partitioning and photosynthesis improvement are credited by 

expression of HSPs and a strong positive relationship between thermotolerance and 

expression of HSPs in many plants have been documented (Huang and Xu, 2008; Wahid 

et al., 2007). Particularly expression of HSP70 was ascertained with improved 

physiological functions like, photosynthesis, osmolytes accumulation and cell membrane 

thermostabaility. This study also suggest that stress proteins mainly heat stress associated 

proteins (HSPs) can play greater role in thermotolerance as compared to other type of 

stress proteins. Therefore, it is observed that among the eight rice varieties, “K-95” 
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indicated very efficient and maximum expression of HSP70, upon exposure to thermal 

stress and recovery potentials, as compared to other cultivars. Their efficient expression 

of HSP70 was attributed emmediately, after 24h (T24), exposure to thermal stress and 

increased with increased in duration of heat stress condition. Recovery treatments 

exhibited consistent expression and accumulation of HSP70, even after 72h (R72) 

depending on growth stages. While most of the other cultivars particularly, “DR-83”, 

“DR-92” and “Sada Hayat” showed very late induction and lowest synthesis of HSP70, 

during heat stress conditions and recovery condition. In addition they also showed faster 

decay of HSP70 during post stress conditions. The expression of this protein was also 

notable within 24h (T24) of heat stress application, becoming stronger after 72h (T72), 

depending on cultivars, at later growth stages. However, when stressed plants shifted to 

normal condition for recovery treatments, they showed decreased and finally diminished 

synthesis of HSP70, at R72. These results revealed that under high temperature stress 

condition, expression of HSP70 was temporal as well as stage and cultivar specific. In 

addition it was also observed that fast signal transduction for early protective measure, 

against thermal stress, like expression of HSPs is pivotal for cell survival and secondly 

efficient recovery potentials ensures maintenance of damaged tissue. Highest expression 

of HSP70 in “K-95” is attributed to its ability to actively grow and maximum yield under 

high temperature stress condition as compared to others.   

It is concluded from the results that the early synthesis of molecular chaperone (HSP70) 

and their sustained expression and function for long term severe heat stress as well as 

during recovery imparted thermotolerance in “K-95”. Late and inadequate perception of 

signals for induction of heat stress proteins (HSP70), lead to cell death and yield loss in 
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“DR-82”, “DR-8” and “Sada Hayat”. Rice showed growth stage specific expression of 

HSP70, as anthesis and maturity had low quantity as compare to seedling. Furthermore, 

in rice cultivars, the recovery data indicated that HSP70 induced during exposure to heat 

episodes depending on duration of stress and it disappears when stress removed, which 

showed their transitory accumulation. In case of quantitative and qualitative analysis of 

antioxidant enzymes it is suggested that under heat stress, continuous expression and 

improved function, is necessary to control and detoxify increased production of reactive 

oxygen species (ROSs) and ensure plants protection against these oxidative damages.   
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General Discussion  

Major contributions in plant growth and development impart by the prevailing climatic 

and environmental conditions, through different ways (Wahid et al., 2012). In 

productivity and sustainability of cash crops, biotic (Levitt, 1980) and abiotic (Lobell and 

Field, 2007) stresses are serious limitations (Kim et al., 2007). High temperature stress, 

among the other type of abiotic stresses, is most deleterious to plant growth and 

development. Depending upon the type of plants, growth stage, cell and their metabolic 

activities is likely to hampered, even after a brief application of thermal stress (Wahid et 

al., 2007). It has ability to initiate biochemical and molecular alterations leading to death 

of plant or a part of it (Bonnet et al., 2006). Therefore, thermotolerance in many plants 

can be enhanced through improved mechanisms at whole-plant, cellular, physiological, 

biochemical and molecular levels (Sung et al., 2003; Xu et al., 2011). 

Therefore, during the whole study, growth characteristics of eight rice cultivars at 

seedling, flowering and grain filling stages, after heat stress, were evaluated in terms of 

plant height (Fig. 4), shoot fresh and dry weight (Fig. 5 and 6). High temperature stress, 

applied only for 72h, declined shoot fresh as well as dry weight, particularly at seedling 

stage but this reduction was less in “K-95” among the group but plant height was not 

significantly affected by heat stress. Recovery treatments from stress condition let to 

improve plants to in dry and fresh weight. It is noted that cultivar, “K-95” exhibited 

efficient and quick recovery as compared to other cultivars, which might helped them to 

adjust under elevated temperature. Because rice with maximum weight, high number of 

tillers per plant, better growth rate will help to cope with drastic effect of heat stress 

(Madan et al., 2012). 
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Studies about impact of maximum temperature of day (Jagadish et al., 2010a and b) and 

night (Nagarajan et al., 2010; Welch et al., 2010) on rice fertility and yield indicated 

negative effect. During flowering growth stage, low seed set, demonstrated when day 

temperature crossed beyond the threshold value (Jagadish, 2011; Parasad et al., 2006). 

The increasing episodes of heat waves above 33 °C posed severe threat to yield loss in 

many crops (Wassmann et al., 2009) and wheat (Modarresi et al., 2010) and if it 

coincides with reproductive (Yoshida, 1981; Matsui et al., 1997 and Parasad, 2006) and 

maturity stage (Fitsgerald and Resurreccion, 2009) than the threat is highest. In case of 

rice, day temperature above 33 °C during reproductive phase is reported to disrupt 

fertilization process that occurs within 1h (Parasad et al., 2006). Hence, maximum 

number of florets and large size anthers could contribute to reduce the risk of sterility, as 

it increases the chance of survival of pollens under stress condition. Therefore, number of 

florets per panicle was also determined among the rice cultivars during flowering, after 

treatment of heat episodes and recovery potentials. It is observed that “K-95” had 

significantly highest number of florets at flowering, among the group. This might 

contributed in maximum yield of “K-95” during grain filling stage, where they showed 

maximum number of filled and minimum number of unfilled grains under heat stress 

condition as compared to others which showed increased in number of unfilled grains 

towards high temperature stress, leading yield loss.   

Heat stress also cause over production and accumulation of reactive oxygen species, like 

hydrogen peroxide (H2O2), singlet oxygen (
1
O2), hydroxyl radical (OH

-
) and superoxide 

radical (O2
2-

), which are highly reactive and cause oxidative stress (Asada, 2006). 

Consequently a chain of physiological and biochemical damages will occur (Moller et al., 
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2007), because it reacts with key biological molecules, proteins, DNA, lipids etc. and 

deteriorate them (Karuppanapadian et al., 2011). It can lead to membrane lipid 

peroxidation and protein denaturation which cause loss of membrane integrity (Camejo et 

al., 2006). The study suggested that lipid peroxidation and excess electrolyte leakage due 

to loss of membrane function are associated with the concentration and accumulation of 

ROSs within cells and tissues. Therefore, amount of ROS under stress condition must not 

be in higher level. In this study, it is observed that H2O2 increased many folds under heat 

stress and decreased upon recovery, common to all growth stages suggesting that heat 

stress caused oxidative stress. Under heat stress and recovery conditions, at each growth 

stages, relatively “K-95” showed lowest concentration of H2O2 among the group.  

In a number of plant species lipid peroxidation were determined as a direct measure of 

heat induced damages leading cell death (Wahid et al., 2007; Blum, 2001). Similar work 

also reported by Cao et al., (2009), in rice under heat stress at reproductive stage. This 

investigation also manifested that high temperature stress increased MDA content but 

under recovery treatments amount of MDA was declined, this suggested that like other 

crop plants, rice plants also equally affected by heat stress through oxidative stress, 

leading degradation of various molecules including lipids which undergoes to 

peroxidation processes. “K-95” again showed better performance, having least amount of 

MDA, while heat susceptible varieties indicated enhanced amount of MDA during heat 

stress and after recovery treatments.  

Cell membrane thermal stability (CMT), by measuring electrolyte leakage is a rapid and 

direct measure of thermal stress (Mohammad and Tarpley et al., 2009). Therefore, this 

attribute was also investigated in rice cultivars under heat stress. Results indicated that, 
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heat stress increased electrolyte leakage and decreased upon recovery but this pattern of 

membrane permeability was growth as well as cultivar specific. At all the growth stages 

significant differences observed among, cultivars and growth stages. Relatively, seedling 

stage had maximum leakage followed by flowering and then maturity stage. Among 

cultivars, “K-95”, “Shahkar” and “IR-6” had least electrolyte leakage, while “DR-82”, 

“DR-92” and “Sada Hayat” showed excessive leakage, under heat stress.  

Under all abiotic stresses synthesis and accumulation of free proline has been 

documented as stress tolerance mechanism, therefore synthesis of osmolytes including 

proline seems to be important strategy to cope with heat stress induced damages (Wahid 

et al., 2007; Sairam and Tyagi, 2004). Proline is one of the most important osmolyte 

which takes part in maintaining cell water level and buffers redox potential to protect 

cytoplasmic activities under heat stress conditions (Alia et al., 1998). Rice varieties, 

showed accumulation of free proline under heat stress at its three distinct growth stages, 

but significant difference were made only by “K-95” which indicates much higher 

accumulation of proline, under stress condition as well as during recovery treatments. 

This indicates that like stress proteins and antioxidants, proline accumulation is also 

neccessary to cope with damaging effects of high temperature stress. Similarly its 

accumulation and diminution during and after stress were found consistent with growth 

stages.   

Changes in antioxidant enzymes activity also reported in many crops including maize and 

barley under heat stress (Nahakpam et al., 2011) because enhanced concentration of key 

antioxidant enzymes mainly SOD, POD, APX and CAT are strongly associated with 

plant heat tolerance under oxidative stress (Mohammad and Tarpley, 2009). Many plants 
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showed different expression pattern in expression and activity of antioxidants. Some 

showed increased concentration while others showed declined in activity. In creeping 

bent-grass SOD activity after exposure to 35 °C for 2 weeks had declined (Liu et al., 

2000), while wheat had significant increase in SOD activity under high temperature stress 

(Almeselmani et al., 2006) and this was true for other types of enzymes under heat stress. 

Therefore, in this study along with morphological and some physiological 

determinations, quantitative and qualitative analysis of antioxidant enzymes were also 

carried out under heat stress at three growth stages. Results revealed that enhanced and 

improved activity of enzymes under heat stress condition and after recovery treatments, 

contributed in efficient growth and development of “K-95” through detoxification of 

reactive oxygen species (ROSs) hence they showed thermotolerance, while other 

cultivars which showed susceptible to thermal stress had low and compromised enzyme 

activity. It can be concluded that to reduce adversaries of ROSs under heat stress 

condition not only expression but environment for their efficient activity is very 

important because enzymes are very sensitive to environmental changes specifically pH 

so inside the cell not only its expression level is important but sutained activity is also 

manditory.             

To identify and explore the functions of the protein of interest, specific antibodies against 

that protein is useful tool and it can give important clues about the up- and or down-

regulation of that protein under certain circumstances (Svensson et al., 2002). 

Identification and characterization of heat induced accumulation of HSP70 in leaves of 

eight rice cultivars at their three growth stages using specific antibodies against HSP70, 

manifested differential expression pattern and their role in submission of 
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thermotolerance. The differential accumulation of HSP70 was confirmed using 

immunoblotting of fractionated total soluble proteins on SDS-PAGE.  It was observed 

that only single band of same molecular weight of approximately 70 kDa proteins 

induced upon exposure to heat stress in all eight rice cultivars at three growth stages. 

However, the pattern of their accumulation and induction time upon subject to thermal 

stress and after recovery treatments showed significant differences among rice cultivars 

as well as between growth stages.  In this regard cultivar “K-95” and seedling stage 

showed fastest and maximum expression and accumulation of HSP70. Other cultivars 

either showed low amount of HSP or late induction which lead retarded growth and low 

yield under heat stress. Recovery from heat stress showed the decreasing concentration of 

HSP70 and disappearance after 72h (R72) of recovery, but this disappearance were much 

early in other cultivars than “K-95” which showed consistent expression even after R72. 

Therefore they had ability to withstand in stressful conditions and gave maximum yield. 

Role of heat shock proteins in providing protection against deleterious effects of heat 

stress has been well known in certain organisms (Maestri et al., 2002, Sung et al., 2003) 

but in rice their exact function in imparting thermotolerance are still enigmatic (Lin et al., 

2014). Induction of heat shock proteins (HSPs) not only reported in short-term stress 

response but in acclimation to heat stress its expression is crucial (Timperio et al., 2008). 

For adaptation and survival of any plant under heat stress, efficient and in-time 

expression of HSPs act as key factor in protection of metabolically important organelles, 

enzymes and proteins in sensitive organs (Shah et al., 2011; Wahid et al., 2007). Cell 

membrane thermal stability, efficient water and nutrient use, assimilate partitioning and 

photosynthesis improvement are credited by expression of HSPs and a strong positive 
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relationship between thermotolerance and expression of HSPs in many plants have been 

documented (Huang and Xu, 2008; Wahid et al., 2007). Expression and accumulation 

pattern of HSP70 in “K-95” and their performance under heat stress for long duration, 

72h, proved the above said facts, hence at least in rice this protein can use as heat stress 

tolerance marker and incorporated in future rice breeding protocols for development of 

heat tolerant rice varieties. 
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KEY FINDINGS 

 Molecular chaperon HSP70 should express immediately after heat exposure, late 

and low expression may damage cell.  

 For this it must have efficient and fast signal transduction system, which triggers 

HSP cascades. 

 Improved and persistent expression of HSP70 is not only crucial during heat 

stress condition but it is also necessary during recovery treatments. 

 During recovery condition slow decay HSP70 can prolong heat tolerance.  

 More than one SOD isozymes are involved in heat stress tolerance which should 

have sustained activity under heat stress. 

 Multiple bands of POD suggest some of them increased under heat stress while 

some repressed.  

 Less number of heat sensitive POD isozymes and multiple heat tolerant POD 

isozymes are desirable trait for thermotolerance.   

 CAT isozymes are heat sensitive. 

 APX activity is stage specific as compared to others.   
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FUTURE DIRECTIONS 

 Most of the scientist recently suggested screening of available germplasms for 

abiotic stress tolerance specifically for high temperature stress tolerance; drought 

stress must be accompanied with, as both are related to each other.  

 Many other small stress proteins also express under stress condition which have 

some role in heat tolerance must be exploited.  

 Reproductive organs specifically male are considered to be highly susceptible to 

high temperature so proteomic study of anthers can explore male sterility 

problem.  

 Find out post transcriptional and post translational modifications in CAT enzyme 

which showed decline activity under heat stress.  

 Molecular mechanism of decay of HSP70 during recovery condition. 

 Squencing of newly induced SOD in “K-95” at flowering stage.  
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