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Abstract: An experiment was conducted with the objective of standardizing temperature conditions for screening 

thermotolerance in sugarcane variety Co 86032 under in vivo and in vitro conditions. Lethal temperature condition 

for settlings (in vivo) and callus (in vitro) were identified by subjecting the 30 days old settling and callus 7 

temperatures condition (39, 41, 43, 45, 47, 48 and 49 ºC) with four time durations (5, 10, 15 and 20 hrs). 

Temperature conditions at 48ºC with 20 h and 48 ºC with 15 h of heat stress treatment were identified as critical 

temperature condition for settlings and callus respectively.  To determine the optimum induction temperature 

conditions (sub lethal temperature)  for settlings, the variety Co 86032 was exposed to gradual increase in 

temperature from 38, 40, 42 to 44 ºC with two time durations (10 and 15 h), followed by lethal temperature (48 ºC 

with 10 h). The optimum induction temperature condition for developing thermo tolerance in settlings was worked 
out to be 40 ºC with 10 h stress treatment. Similarly, the optimum induction temperature condition for calli for 

develop thermo tolerance was worked out as 42ºC with 10 h. Adaptive response of Co 86032 by heat acclimation 

was investigated under in-vivo and in-vitro conditions through temperature induction response technique. It was 

found that induced settlings and calli for thermotolerance recorded higher soluble protein, proline, glycine betaine, 

total phenols, POX activity and SOD activity than non-induced. 

 

Keywords: Sugarcane, temperature induction response (TIR) technique, in vivo, in vitro, thermotolerance, ROS 

scavenging enzymes, osmolytes   

 

INTRODCUTION   

It has been observed that on many occasions a 
relevant physiological trait could not to be related to 

stress tolerance in known tolerant genotypes/species, 

mainly because expression of this trait was examined 

by directly subjecting plants to severe stress. Earlier 

reports suggest that genetic variability could not be 

visualized when plants were directly exposed to 

severe stress. (Uma et al. 1995). Several studies have 

shown that an acclimated plant survives when 

exposed to a temperature that would be lethal to a 

non-acclimated plant. This phenomenon is the major 
aspect of acclimation response termed as acquired 

thermo tolerance. This involves expression of diverse 

stress-responsive genes to maintain metabolic 

homeostasis during stress or to be able to re-establish, 

subsequent to the stress period (Hong et al. 2003). 

The major principle in induction (acclimation) 

response technique is to initially expose 

seedlings/plants to a less severe temperature before 

these are challenged with severe temperature and 

subsequent recovery. The seedling survival and 

recovery growth is considered as criteria to arrive at 
optimum acclimation stress levels. Thus, relevance of 

a physiological and biochemical trait for thermo 

tolerance can best be studied by pre exposure of 

seedlings or plants to a sub lethal acclimation 

temperature. Many of the earlier work have proved 

that the genetic variability occurs when the plant is 
exposed to sub lethal induction (Srikanthbabu et al. 

2002). 

 

As thermo tolerance is a multigenic trait emphasis 

needs to be on relevant approaches to assess the 

genetic variability in basal and acquired tolerance. 

This is in fact the major aspect in crop improvement 

programmes. Temperature induction response (TIR), 

a high throughput approach has been utilized for 

screening of thermo tolerance in many of the crops 

viz., pea, pearl millet, cotton, finger millet, 
sunflower, capsicum, ground nut and soybean etc 

(Senthil-Kumar et al. 2003, Gopalakrishna  2001, 

Uma  et al. 1995). Thermotolerance might be 

acquired by heat acclimation, which can occur 

through exposure to a non-lethal heat treatment 

(Levitt 1980; Chen et al. 1982; Gong et al. 1997, 

1998; Hatice and Atilla 2003). The processes 

involved in temperature acclimation are initiated by 

the perception of temperature signals and 

transduction of these signals into biochemical 

processes that finally lead to the development of heat 
tolerance (Sangwan and Dhindsa 2002, Xu et al. 

2006). These adaptation processes include adjustment 
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of metabolism and gene expression at high 

temperatures (Vierling, 1991), which enables plants 

to minimize heat injury. Heat acclimation also 

involves a considerable reorganization of thylakoid 

membrane, including adaptive changes of lipid 

composition (Larkindale and Huang 2004). 
Sugarcane requires optimum temperature (32-33ºC) 

for growth, productivity and yield expression, and it 

is known to tolerate temperatures approaching 40°C, 

while high temperature  around 45°C is detrimental 

to sugarcane growth (Wahid et al.2007). Heat stress 

greatly changes the physiological and biochemical 

phenomena of sugarcane leading to growth and yield 

suppression. Sugarcane grown under high 

temperature exhibited smaller internodes and early 

drying of leaves with increased tillering with reduced 

biomass. Very little is known, about the defense 
mechanism in sugarcane against high temperatures 

stress. Hence, a suitable technique for screening high 

temperature-tolerant sugarcane germplasm and 

cultivars is required in order to stabilize yield in the 

current and future warmer climate conditions.  

 

MATERIALS AND METHODS  

Determination of lethal and sub-lethal temperature 

condition for settlings (in vivo) 

 

Experiment I: To identify lethal (critical) temperature 

condition for bud chip raised settlings. Thirty days 
old settling (40 settlings) of Co 86032 were subjected 

to 7 temperature levels (39, 41, 43, 45, 47, 48 and 49 

ºC) with four time durations (5, 10, 15 and 20 h) in 

BOD incubator (Table 1). The settlings maintained at 

30 to 32 °C (normal temperature) throughout the 

experimental period were taken as controls. On 

completion of stress treatment, settlings were kept for 

incubation for 3 days at 32 °C and then the settling 

survival percent was worked out to identify the 

challenging temperature condition. Temperature at 

which 100% settling mortality occurred was 
considered as challenging temperature.  

 

% survival of settlings = No. settlings survived at the 

end of recovery/ X 100 

Total no. of settlings   

 

Experiment II:  To identify the sub lethal temperature 

conditions for bud chip raised settlings, settlings of 

Co 86032 were exposed to gradual increase in 

temperature (38, 40, 42 and 44 ºC) and time durations 

(10 and 15 h) followed by lethal temperature (48 ºC 

with 20 h).The settlings which are maintained at 30 
°C (normal temperature) throughout the experimental 

period were taken as controls. The induction 

temperature treatment at which maximum percentage 

survival of the settlings was observed after exposing 

to the identified challenging temperature was 

considered as the optimum induction temperature. 

Percent growth of settlings was calculated as follow: 

% in settling growth = (RG induced- RG non 

induced) /control growth) X 100 

* RG= relative growth 

 

Determination of lethal and sub-lethal temperature 

condition for callus (in vitro) 
 

Experiment I: To identify lethal (critical) temperature 

condition for calli, the calli of Co 86032 developed 

through in vitro method were subjected to seven 

temperature condition (36, 38, 40, 42, 44, 46 and 48 

ºC) and four time durations (5, 10, 15 and 20 h). On 

completion of stress treatment, callus was kept for 

incubation at normal temperature (± 24 ºC) for 24 

hours. The calli which were maintained at normal 

temperature throughout the experimental period were 

taken as controls. At the end of recovery period cell 
viability test (TTC assay) was done to work out the 

callus survival percent. The temperature at which 

100% callus mortality occurred was considered as 

challenging temperature.  

  

  Survival % of callus = (No. callus survived at the 

end of recovery/ Total no. of callus) X 100   

 

Experiment II ( Sub-lethal Temperature):  During the 

induction treatment, callus of Co 86032 was exposed 

to gradual increase in temperature (38, 40, 42 and 44 

ºC) for two time durations (10 and 15 h) followed by 
lethal temperature (48 ºC with 15 h). The calli which 

were maintained at ± 24 °C (normal temperature) 

throughout the experimental period were taken as 

absolute controls. On completion of temperature 

treatment, calli were allowed to recover for 24 h at 

room temperature (±24°C and 60 percent RH). The 

induction temperature treatment at which maximum 

percentage survival of the calli was observed after 

exposing to the defined challenging temperature was 

considered as the optimum induction temperature. 

Percent survival growth in callus was calculated as 
follows: 

% in callus growth = (RG induced- RG non induced) 

/control growth) X 100 

* RG= relative growth 

 

Physiological and biochemical assays: The variety 

Co 86032 was subjected to the identified lethal and 

sub lethal temperature conditions (both in vivo and in 

vitro) and the metabolic and cellular responses for 

thermotolerance were investigated. For in vivo 

condition, thirty days old sugarcane settlings (Co 

86032) were subjected to identified optimum 
induction temperature (40°C with 10 h) followed by 

critical temperature condition of 48°C for 10 h. For in 

vitro condition, calli of Co 86032 were subjected to 

identify optimum induction temperature condition of 

42°C for 10 h followed by critical temperature 

condition of 48°C with 15 h. Physiological and 

biochemical adaptive response in terms of soluble 
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protein, proline, glycine- betaine, soluble sugars, total 

phenols, APX, POX and SOD activity, percent 

membrane injury, lipid peroxidation, identification of 

temperature induced proteins by SDS-PAGE, 

isozyme pattern of POX and SOD were assayed. Free 

proline was determined from the frozen fresh leaf 
powder extracted with sulphosalicylic acid, as 

described by Bates et al. (1973). Glycine-betaine was 

determined using the method of Grieve and Grattan 

(1983). Soluble sugars quantified by the method of 

Yoshida et al. (1976). Protein was estimated by the 

method as described by Lowry et al. (1951). 

Peroxidase activity was assessed following the 

oxidation of o-dianisidine by following the method of 

Malik and Singh (1980). SOD activity was 

determined by using Nitro Blue Tetrazolium (NBT) 

salt as described by BeauChamp and Fridovich 
(1971) and expressed as enzyme units g-1 protein min-

1. Lipid peroxidation was measured by estimating 

thiobarbituric acid reactive compounds (Heath and 

Packer 1968). Percent membrane injury protocol was 

modified from Leopold et al. (1981) and Tripathy et 

al. (2000). Electrophoresis of protein was carried out 

through native and SDS-PAGE (Laemmli 1970). The 

isoenzyme pattern of Peroxidase was estimated by 

staining gels through Benzidine following the method 

of Nadonly and Sequeiria (1980). SOD was estimated 

and analyzed by the method of Beauchamp and 

Fridovich, (1971)  
  

Statistical analysis: The experiments were conducted 

twice and all the determinations were made in 

triplicate. Data from both the experiments was pooled 

to perform statistical analysis using COSTAT 

software. LSD values were determined and Tukey’s 

test (Steel et al. 1996) was used to ascertain the 

significance of temperature treatments and time 

points.  

RESULTS AND DISSCUSION  

 

Lethal and sub-lethal temperature condition for 

settlings (in vivo): Settling of variety Co 86032 were 

exposed to different challenging temperatures and 

after recovery for 3 days at normal temperature, 

settling growth and mortality was assessed (Table 

1).Results indicated that percentage of settling 

survival decreased corresponding with increase in 

temperature and duration of heat stress. Temperature 

condition at 48 ºC with 20 h of heat stress treatment 

showed 0% settling survival over untreated control 
and hence it was identified as critical temperature 

condition for sugarcane settlings. Similar critical 

temperature has been reported in rice, sunflowers, 

ragi, maize, pea, pearl millet and sorghum (Senthil-

Kumar et al. 2003; Srikanthbabu et al. 2002; Hahn 

and Li 1990; Pareek et al. 1997; Ashraf and Hafeez, 

2004). At the end of the recovery period the 

temperature treatment at which 90% mortality of the 

seedlings occurred was taken as the challenging 

temperature in order to assess the genetic variability 

for seedling survival. The temperature treatment at 
which 50% reduction in seedling growth occurred 

was considered as the challenging temperature to 

assess differences in recovery growth (Senthil-Kumar 

et al. 2003). 

 

Settlings exposed to the gradual induction 

temperature of 38, 40, 42 and 44 ºC with two 

different time duration of 10 and 15 h each prior to 

the challenging temperature exhibited higher settling 

survival and recovery growth compared to those 

exposed to other induction treatments and the non-

induced settlings. At 48ºC with 10 h stress treatment 
100 % mortality was seen. The optimum induction 

temperature condition for developing thermo 

tolerance in bud chip settlings was worked out as 40 

ºC with 10 h stress treatment (Fig.1). Such a response 

has also been observed in species like groundnut, 

sunflower, pea, soybean and tomato in spite of 

intrinsic variation for their high temperature 

tolerance. Similar protocol for identification of lethal 

temperature was reported in sunflower, ragi, pea, 

rice, pearl millet and sorghum. (Senthil-Kumar et al. 

2003; Hahn and Li 1990, Srikanthbabu et al. 2002, 
Pareek et al. 1997, Howarth et al.1997). The 

identified lethal temperature conditions will be 

utilized for working out optimum induction 

temperature conditions for settlings through TIR.

 

Table: 1. Treatment details for working out critical temperature (lethal temperature) in 30 days old bud chip 

settlings 

 

Number of 

treatments 

Details treatment Survival % of 

settlings 

 

To Normal temperature (± 34 ºC) 100 

T1D1 39 ºC + 5 h+  3 days normal temperature 100 

T1D2 39 ºC + 10 h+ 3 days normal temperature 100 

T1D3 39 ºC + 15 h+  3 days normal temperature 100 

T1D4 39 ºC + 20 h+  3 days normal temperature 100 

To Normal temperature(± 34 ºC) 100 
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T2D1 41 ºC + 5 h+  3 days normal temperature 100 

T2D2 41 ºC + 10 h+  3 days normal temperature 100 

T2D3 41 ºC + 15 h+  3 days normal temperature 100 

T2D4 41 ºC + 20 h+  3 days normal temperature 100 

To Normal temperature(± 34 ºC) 100 

T3D1 43 ºC + 5 h+  3 days normal temperature 100 

T3D2 43 ºC + 10 h+ 3 days normal temperature 100 

T3D3 43 ºC + 15 h+  3 days normal temperature 100 

T3D4 43 ºC + 20 h+  3 days normal temperature 100 

To Normal temperature(± 34 ºC) 100 

T4D1 45 ºC + 5 h+  3 days normal temperature 100 

T4D2 45 ºC + 10 h+  3 days normal temperature 100 

T4D3 45 ºC + 15 h+  3 days normal temperature 50.0 

T4D4 45 ºC + 20 h+  3 days normal temperature 45.0 

To Normal temperature(± 34 ºC) 100 

T5D1 47 ºC + 5 h+  3 days normal temperature 100 

T5D2 47ºC + 10 h+  3 days normal temperature 45.0 

T5D3 47ºC + 15 h+  3 days normal temperature 40.0 

T5D4 47ºC + 20 h+  3 days normal temperature 40.0 

To Normal temperature(± 34 ºC) 100 

T6D1 48 ºC + 5 h+  3 days normal temperature 100 

T6D2 48ºC + 10 h+  3 days normal temperature 25.0 

T6D3 48ºC + 15 h+  3 days normal temperature 20.0 

T6D4 48ºC + 20 h+  3 days normal temperature 0.0 

To Normal temperature(± 34 ºC) 100 

T7D1 49 ºC + 5 h+  3 days normal temperature 100 

T7D2 49ºC + 10 h+  3 days normal temperature 0.0 

T7D3 49ºC + 15 h+  3 days normal temperature 0.0 

T7D4 49ºC + 20 h+  3 days normal temperature 0.0 

 

Lethal and sub-lethal temperature condition for calli (in vitro): Results indicated that percentage of cell viability 

decreased corresponding with increase in temperature and duration. Stress treatment combination of 48 ºC with 15 h 

duration showed 100% cell mortality over untreated control, hence it was identified as critical temperature condition 

for screening thermotolerance in sugarcane calli (Table 2).  

 
The induction treatment which showed least percent 

reduction in recovery growth was considered as 

optimum induction temperature. The optimum 

induction temperature conditions for calli for 

developing thermotolerance in calli were worked out 

to be as 42ºC with 10 hrs stress time. In this study the 

induction temperature treated sugarcane calli, when 

challenged with severe temperature showed higher 

recovery growth compared to calli, which were 

directly exposed to severe temperature. The identified 

lethal temperature conditions will be utilized for 
working out optimum induction temperature 

conditions for calli through TIR. Callus induction 

technique has been successfully employed in number 

of crops for thermotolerance. Liang et al. (2007) 

screened temperature tolerant somatic clones in sweet 

corn through in vitro callus induction.  Induction and 

acquisition of thermo tolerance has been studied in 

Gerbara through callus induction (Nelson et al. 

2008), and this induced the synthesis of several heat 

shock proteins, especially of small molecular weight. 

Such a response has also been observed in groundnut, 

sunflower, pea, pearl millet, soybean, maize and 

tomato in spite of intrinsic variations for high 

temperature tolerance (Srikanthbabu, 2004, Senthil-
Kumar et al. 2003, Srikanthbabu et al. 2002, 

Howarth et al.1997, Ashraf and Hafeez, 2004). 
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Table: 2. Treatment details for working out critical (lethal temp) temp under in vitro condition. 

  

Number of 

treatments 

Details treatment Survival % of 

settlings 

 

To Normal temperature (±24 ºC) 100 

T1D1 36 ºC + 5 h+  24h normal temperature 100 

T1D2 36ºC + 10 h+ 24h normal temperature 100 

T1D3 36 C + 15 h+  24h normal temperature 100 

T1D4 36 ºC + 20 h+  24h normal temperature 100 

To Normal temperature(±24 ºC) 100 

T2D1 38 ºC + 5 h+  24h normal temperature 100 

T2D2 38 ºC + 10 h+  24h normal temperature 100 

T2D3 38 ºC + 15 h+  24h normal temperature 100 

T2D4 38 ºC + 20 h+  24h normal temperature 100 

To Normal temperature(±24 ºC) 100 

T3D1 40 ºC + 5 h+  24h normal temperature 100 

T3D2 40 ºC + 10 h+ 24h normal temperature 100 

T3D3 40 ºC + 15 h+  24h normal temperature 100 

T3D4 40 ºC + 20 h+  24h normal temperature 100 

To Normal temperature(±24 ºC) 100 

T4D1 42 ºC + 5 h+  24h normal temperature 100 

T4D2 42 ºC + 10 h+  24h normal temperature 60.0 

T4D3 42 ºC + 15 h+  24h normal temperature 55.0 

T4D4 42 ºC + 20 h+  24h normal temperature 45.0 

To Normal temperature(±24 ºC) 43.0 

T5D1 44 ºC + 5 h+  24h normal temperature 100 

T5D2 44ºC + 10 h+  24h normal temperature 55.0 

T5D3 44ºC + 15 h+  24h normal temperature 50.0 

T5D4 44ºC + 20 h+  24h normal temperature 40.0 

To Normal temperature(±24 ºC) 35.0 

T6D1 46 ºC + 5 h+  24h normal temperature 100 

T6D2 46ºC + 10 h+  24h normal temperature 45.0 

T6D3 46ºC + 15 h+  24h normal temperature 35.0 

T6D4 46ºC + 20 h+  24h normal temperature 30.0 

To Normal temperature(±24 ºC) 25.0 

T7D1 48 ºC + 5 h+  24h normal temperature 100 

T7D2 48ºC + 10 h+  24h normal temperature 15.0 

T7D3 48ºC + 15 h+  24h normal temperature 0 

T7D4 48ºC + 20 h+  24h normal temperature 0 

 

Physiological and biochemical response of 

sugarcane settlings and calli for acquired tolerance:  

Adaptive response of settling and calli by heat 

acclimation were estimated in terms of soluble 

protein, total sugars, total phenolics, proline, glycine-
betaine and ROS scavenging enzymes activities 

(SOD, POX and APX) and isozyme pattern (SOD 

and POX). In the present study, a significant 

reduction in soluble protein was observed in both 

settlings (11.06%) and calli (10.60%) under heat 

stress, however acclimatized settling and calli were 

showed higher  accumulation of soluble protein 

content of 95.2  and 132.0 mg-1 respectively (Fig.1A). 

Significant increase in soluble protein upon induction 

treatment could possibly due to the synthesis and 
accumulation of heat shock proteins as reported by 

Xu et al. (2006) in turf grass and Wahid and Close 

(2007) in sugarcane. Various workers have observed 

either a decrease or an increase in levels of total or 

soluble proteins in different organs of plants 
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subjected to temperature stress. The increase or 

decrease in levels of proteins depends on the plant 

species and organ studied as well as the severity of 

stress. Settlings and calli, which were acclimatized by 

sub-lethal temperature showed higher total phenolics 

content of 125.1 and 142.5 µg g-1 respectively 
compared to non-induced (60.0 and 82.51 µg g-1)  

and control (50.4 and 62.4 µg g-1) (Fig.1B). Similar 

pattern of accumulation of total phenolics under heat 

stress has been reported to be accompanied with 

increased phenylalanine ammona lyase (PAL) and 

decreased peroxidase and polyphenol oxidase 

activities (Taiz and Zeiger 2006). Since the 

metabolism of phenolics takes place in the cytosol, it 

is believed that soluble phenolics themselves are the 

scavengers of ROS (Moyer et al. 2002). The role of 

phenolics has been recently reappraised as 
proficiently from oxidative stress rather than 

protection from herbivores. Available data show that 

phenolics accumulate under a range of environmental 

stresses, including temperature extremes and salinity 

(Wahid and Ghazanfar 2006).  

 

In settlings, proline content increased up to 125.5 µg 

g-1fr. wt. at 40°C with 10 h stress treatment 

(induced), while in calli it reached up to 148.0 µg g-

1fr. wt. The accumulation of proline was high in 

induced settlings (68.6% over control) and calli 

(55.9% over control) compared to non induced 
settlings (37.6% over control) and calli (34.6% over 

control) (Fig.2A). Accumulation of large quantities 

of free proline (up to 200% increase) has been 

reported in plants subjected to heat and drought 

stresses and was suggested to be used as an index for  

screening  sugarcane  genotypes for abiotic stress 

tolerance (Wahid and Close 2007;  Gomathi et al. 

2011).  Glycine-betaine (GB) plays an important role 

as a compatible solute in plants under various 

stresses, such as salinity or high temperature. 

Capacity to synthesize GB under stress conditions 
differs from species to species (Ashraf and Foolad 

2007). Data on glycine-betaine content indicated that 

the induced settlings have higher GB accumulation 

(34.50 µg g-1 with 41.50% increase over control) than 

non-induced settlings (15.50 µg g-1) with 25.80% 

increase over control. Induced calli  also showed 

higher GB level of 40.5 µg g-1 with 29.6% increase 

over control compared to non- induced calli (28.50 

µg g-1) (Fig. 2B). Similar increase has been reported 

in rice (Sakamoto and Murata 2002) and sugarcane 

upon heat acclimation (Wahid and Close 2007). 

 
Data on total sugar content indicated that the 

temperature acclimated settlings and calli  recorded 

higher values of 44.5 and  50.2 mg g-1 compared to 

non- acclimated settlings and calli (22.40 and 24.5 

mg g-1) respectively (Fig.2C). Significant increase in 

total sugars upon heat stress treatment indicated that 

heat stress could contribute or induce a significant 

defense response resulting in better regulation ability 

in both sugarcane seedlings and calli under stress 

situation as reported by Yuan et al. (2011) in 

sugarcane. Similar accumulation of total sugars has 

been reported in sugarcane shoots, which had greater 

implications for heat tolerance (Wahid and Close 
2007). In the present study, greater accumulation of 

total sugars, free proline and glycine-betaine was 

evident in both sugarcane settlings and calli due to 

temperature acclimation treatment. Among the 

osmolytes, free proline showed steep and prolonged 

accumulation only under acclimated conditions 

followed by glycine-betaine and soluble sugars. 

Production of both the free proline and glycine-

betaine has been noted in various plant species under 

different stresses (Wang et al. 2003, Wahid and 

Shabbir 2005, Wahid and Close 2007). These 
osmolytes are believed to maintain cell water 

balance, membrane stability and buffer cellular redox 

potential. In sunflower Kumar et al. (1999) have 

shown that protein synthesis was maintained 

significantly higher in the acclimated settlings and 

calli compared to non-acclimated settlings and calli 

on being exposed to severe stress. Burke (1998) 

reported that the chlorophyll stability was more in 

acclimated wheat plants and sorghum (Howarth et 

al.1997). In addition, the acclimation treatment 

resulted in maintenance of higher cell viability 

(Kumar et al. 1999).  
  

Exposure to high temperature caused a significant 

increase in lipid peroxidation (MDA content) and cell 

membrane injury (%), however acclimatized settling 

and calli recorded lower cell membrane damage. 

Acclimated settlings and calli showed comparatively 

less cell membrane leakage of 28.50 and 34.50 % 

respectively than non- induced (48.5 and 50.0% 

respectively) and control (15.2 and 20.5% for 

settlings  and calli respectively) (Fig. 3A). Results 

suggest that, the increase in cell membrane leakage % 
is due to heat induced increase in MDA content as a 

result of higher peroxidation of membrane lipids. 

However, acclimated settlings and calli are showed 

lower lipid peroxidation and cell membrane damage 

compared to control and non - induced tissues. The 

changes in MDA content and EL revealed that heat 

acclimation could contribute to stability of sugarcane 

settlings and calli from the membrane injury and 

indicated that sugarcane could endure heat stress 

(Fig.3B). It is well known that ROS-induced 

peroxidation of membrane lipid is a reflection of 

stress induced damage at the cellular level (Jain et al. 
2001; Xu et al. 2006). 

 

In the present study, activities ascorbate peroxidase 

(APX), peroxidase (POX), superoxide dismutase 

(SOD) and isozyme pattern were estimated at 

different temperature condition of sugarcane settlings 

and calli. Results indicated that the activity of 
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antioxidant enzymes increased significantly due to 

heat stress in both the settlings and calli, higher 

activity was observed in heat acclimated settlings and 

calli, which then declined gradually at temperature 

condition of 44○C. APX is one of the most important 

antioxidant enzymes of plants that detoxify H2O2 

using ascorbate for reduction. In the present study, 

heat stress showed two fold increases in APX activity 

over control both in sugarcane settlings and calli. 

However, acclimated settlings showed higher APX 

activity of 40.1 units g-1 min-1 with 99.0% over 

control, while non induced recorded 28.50 units g-1 

min-1 with 39.8% over control. Similar increase in 

APX activity upon heat acclimation was noticed in 

calli (Fig. 4A), suggesting that the ascorbate–

glutathione cycle played a crucial role in mitigating 

the accumulation of H2O2 in sugarcane settlings and 
calli upon heat stress treatment. This is in agreement 

with the results in Lilium and Freesia seedlings (Yin 

et al. 2008, Yuan et al. 2011). 

 

Previous studies have shown that POX activity 

increased during exposure to heat stress in bean (Ye 

et al. 2000), maize (Scandalios et al. 2000) and grass 

(Jiang and Huang 2001). Our results also showed that 

heat acclimation could contribute to a significant 

increase in POX both in calli and settlings and 

maintained a high level even under lethal 

temperature.  Acclimated settlings and calli recorded 
higher POX activity of 36.50 and  41.0 ΔA  g-1 fr.wt 

min-1  respectively compared to non- induced (20.10 

and 25.10 ΔA g-1 fr.wt min-1 respectively) suggesting 

that the calli and settlings that are pretreated with 

sub-lethal temperature (acclimated) have an 

adaptation mechanism (increase in POX) when   

exposed to lethal temperature (Fig. 4B).  Among the 

antioxidants, SOD is an essential component of 

defense mechanism in plants under environmental 

adversity. A reduction in the activity of SOD under 

heat stress and its rapid increase following re 
watering was reported in Kentucky blue grass 

(Zhaolong and Bingru 2004). In the present study 

heat acclimation led to significant increase in SOD 

activity in both settlings and calli. In settlings, a 

much higher activity of SOD was noticed in 

acclimated (30.0 units g-1 fr.wt.min-1) compared to 

non- induced (15.75 units g-1 min-1) and control (12.5 

units g-1 fr.wt. min-1), respectively (Fig. 4C). Simialr 

to settlings, calli  also showed higher SOD activity 

(38.50 units g-1 fr.wt.min-1) compared to non- induced 

(18.50 units g-1 fr.wt.min-1) and control (15.50 units g-

1 fr.wt.min-1) , which suggested to a stronger ability to 
scavenge ROS  as reported Xu et al. (2006), Wahid 

and Close (2007) and Yuan et al. (2011). 

 

Enhanced activity of antioxidant enzymes may 

increases heat tolerance by detoxification of the 

heavy load of ROS, which in turn provides 

protection. In this regard it is suggested that use of 

stress signaling molecules may enhance the 

antioxidant capacity of cells and produce 

thermotolerance (Sairam and Tyagi 2004). An 

apparent increase in POX and CAT during exposure 

to heat stress has been reported in several crops 

(Jiang and Huang 2001). Temperature induced over 
expression in the POX isoform were noticed only in 

heat acclimated settlings and calli at 40°C and 42°C, 

respectively (Plate.1a&1b). Results of isoforms 

pattern of SOD indicated (Plate 2a & b) that different 

forms of isozymes (high and low molecular weights) 

were noticed in all the samples. However, these 

isoforms were over expressed under acclimation 

temperature of 40°C (settlings) and 42°C (calli). 

Higher degree of expression of these isoforms (POX 

& SOD) in and their activity lead to protection of 

cells from oxidative damage suggesting that as an 
adaptation. One of the primary responses of plants 

exposed to high temperature is enhanced synthesis of 

reactive oxygen species (ROS) (Sung et al. 2003). 

Several studies (Srikanthbabu 2004, Larkindale et al. 

2005a and 2005b) demonstrated that upon 

acclimation, generation of free radicals is 

significantly less. 

 

Plants have developed many strategies to tolerate 

stress that include expression of some novel proteins 

(Wang et al. 2003). Formation of additional protein 

bands of different molecular weights (90, 70 and 27 
kDa) were observed upon heat acclimation, 

particularly at 40ºC in settlings and 42ºC in calli 

(Plate 3a and b). Similar expression of Hsps upon 

heat stress was recently reported Sanjam et al. 

(2010). One of the most widely studied aspects of 

thermotolerance is the enhanced expression of heat 

shock proteins (Hsps). Synthesis and localization of a 

few Hsps have been shown to trigger several 

physiological and biochemical processes (Cushman 

and Bohnert 2000) such as the maintenance of 

membrane integrity and chaperoning proteins. The 
expression of Hsps is primarily regulated by the heat 

dependent activation of the heat shock transcription 

factors (HSFs) (Scharf et al. 1998). There is 

convincing evidence to show that the stress-

responsive proteins and genes are predominantly 

expressed during the sub-lethal induction stress that 

would bring the required changes in the plant 

metabolism necessary for withstanding the 

subsequent severe stress (Lindquist and Craig 1988).  

 

The major role of Hsp70 is to protect heat-labile 

proteins from denaturation. Under normal conditions, 
Hsp70 facilitate folding of newly synthesized 

proteins, preventing undesirable interactions. 

Developmentally regulated Hsp70 genes have been 

described in Arabidopsis (Wu et al. 1988). In 

thaliana, Hsp70 over expression has been shown to 

affect growth, development and thermotolerance 

(Sung et al. 2003). Hence, accumulation of heat 
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inducible protein (Hsp 90, Hsp70) and dehydrins (27 

kDa) in induced settlings and calli play an important 

role in cell protection from heat stress damage. 

 

From the present study, temperature conditions of 42 

ºC with 10 h of stress treatment and 48 ºC with 20h 
of stress treatment were identified as sub- lethal and 

lethal temperature conditions for screening 

thermotolerant calli (in vitro condition) and 40 ºC 

with 10h and 48 ºC with 15h were identified as sub- 

lethal and lethal temperature conditions for screening 

thermotolerance in settlings (in vivo condition). The 

results showed that in vivo method was more 

effective in terms of time and cost than the in vitro 

method of screening for thermotolerance. Response 

of cultivar Co 86032 for high temperature stress was 

studied through temperature induction response (TIR) 

technique in settlings and callus. Results indicated 

that, acclimated settlings recorded higher soluble 

protein, proline, glycine betaine, total phenols, POX, 

APX and SOD activities than non-acclimated 
settlings and calli, which indicated stability under 

stress treatment.   
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Fig.1. Effect of heat acclimation on soluble protein (A) and total phenolics (B) of sugarcane settlings and calli upon 

heat stress. Error bars represent the standard error (S.E.) of mean (n = 4). 
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Fig.2. Effect of heat acclimation on proline content (A), glycine-betaine (B) and soluble sugars (C) of sugarcane 

settlings and calli upon heat stress. Error bars represent the standard error (S.E.) of mean (n = 4). 
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Fig. 3. Effect of heat acclimation on lipid peroxidation (A) and cell membrane leakage (B) of sugarcane settlings 

and calli upon heat stress. Error bars represent the standard error (S.E.) of mean (n = 4). 
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Fig. 4. Effect of heat acclimation on APX activity (A), POX activity (B) and SOD activity (C) of sugarcane settlings 

and calli upon heat stress. Error bars represent the standard error (S.E.) of mean (n = 4). 

 

                                                       

 

 

 

 

Plate1a:  POX isoforms (a) from settlings of 
 Co 86032: L1, L2 & L3= Control, L4= Induced, L5= 
Non induced  

Plate1b:  POX isoforms (a) from calli of  
Co 86032: L1= Control, L2= Induced, L3 = 
Non induced  
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