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Legumes play :an important position in human diet as they are the major sources of 

protein. Besides being rich source of protein they are also important for sustainable 

agriculture as they improve physical and chemical properties of soil and function as 

mini nitrogen factory. Among the leguminous plants soybean (Glycine max (L.) Merr. 

is commonly cultivated and used for different purposes. It is an important global crop 

and native to South East Asia. It is an annual plant that may vary in growth, habit and 

height (Plate IB). Cultivation of this plant is greatly hampered due to biotic and 

abiotic stresses. Soybeans are hot season annuals and the plants are more sensitive to 

cold season. Optimal temperature requirements for soybean cultivation ranges between 

25-30°C. 

Lentil (Lens culinaris Medik ), a legume, is a bushy annual plant grown for its lens

shaped seeds (Plate I A). Lentils contain high levels of proteins, including the 

essential amino acids isoleucine and lysine, and are an essential source of inexpensive 

protein in many parts of the world for those who adhere to a vegetarian diet and are 

widely used in India. Apart from a high level of proteins, lentils also contain dietary 

fiber, folate, vitamin B1, and minerals. Lentils are relatively tolerant to drought and 

are grown throughout the world. They are cool season annuals and are sensitive to 

high temperatures. About a third of the worldwide production of lentils is from India, 

most of which is consumed in the domestic market. However, productivity is 

seriously hampered by narrow genetic base of the presently cultivated varieties and 

losses due to the biotic and abiotic factors (Tickoo et al.2005). 

Abiotic stresses such as drought, high and low temperatures, salinity etc., occur 

locally and exhibit variation in occurrence, intensity and duration. They generally 

cause reduced crop productivity. Among these abiotic stresses temperature is one of 

the most important environmental stress that a plant encounters and it is also a major 

factor limiting the growth of plants. Temperature stress, either as heat, cold or 

freezing is a principal cause for yield reduction in crops (Boyer, 1982) and reactive 

oxygen species (ROS) generated by these stresses have been shown to injure cell 

membranes and proteins (Queiroz et a/., 1998; Keshavkant and Naithani, 2001; 

Larkindale and Knight, 2002) . Temperature stress can have a devastating effect on 

plant metabolism, disrupting cellular homeostasis and uncoupling major physiological 

processes (Suzuki and Mittler, 2006). 
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Plate 1: (A): Growth of Lens culinaris (lentil) 
(B): Growth ofG~vcine max(Soybean) in experimental field. 
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Elevated temperature stress is one ofthe major factors limiting the growth of plants as 

it adversely affects normal physiological processes such as photosynthesis, 

respiration, membrane stability and protein metabolism (Georgieva 1999). A major 

mechanism of injury is by the generation of reactive oxygen species such as 

superoxides, hydrogen peroxide and hydroxyl radicals which damage cellular 

components (Noctor and Foyer 1998; Liu and Huang 2000; Breusegem et al. 2001). 

On the other hand, plant species growing in tropical and sub-tropical regions show 

characteristic damage symptoms of both roots and shoots exposed to chilling 

temperatures (Raison and Lyons, 1986; Zhang et al., 1995; Queiroz eta/., 1998). 

Chilling injury is associated with changes in membrane properties, such as solute 

leakage, reduced transport across the plasma membrane malfunction of the 

mitochondrial respiration and inhibition of photosynthetic activity (Lyons, 1973; 

Lyons et al., 1979), and induction of active oxygen species ( Omran, 1980; Prasad et 

al., 1994; Radyuk et al., 2009). In genetically engineered tobacco plants, chilling 

sensitivity has been shown to be correlated with the extent of fatty acid unsaturation 

of the glycerol lipids of fatty acid unsaturation of the glycerol lipids of plastid 

membranes (Murata et al., 1992; Kodama eta/., 1994). 

During the time of temperature stress (both elevated and chilling) reactive oxygen 

species (ROS) level can increase dramatically which can result in significant damage 

to cell structure. Prolonged accumulation of ROS is detrimental and can cause 

inactivation of enzymes, lipid peroxidation, protein degradation and damage to DNA 

(Asada, 1999). Controlling ROS production might therefore be a promising avenue of 

genetic enginee:ring to enhance the tolerance of plants to temperature stress and a 

combination of temperature stress and high light (Allen, 1995). The extent of 

oxidative stress in a cell is determined by the amount of superoxide, hydrogen 

peroxide and hydroxyl radicals. Hydrogen peroxide, though toxic at higher 

concentrations, also plays significant role as signaling molecules in various functions 

like guard cell opening, photoprotection, pathogenesis and development (Desikan et 

al., 2004, Miller et a/.,2007). 

I 

In order to limit oxidative damage under stress condition plants have developed a 

series of enzymatic and non-enzymatic detoxification systems that break down the 

highly toxic reactive oxygen species (ROS) to less reactive molecules (Sairam and 

Tyagi 2004). Antioxidant enzymes such as superoxide dismutase, catalase, 
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peroxidase, ascorbate peroxidase and glutathione reductase function in detoxification 

of superoxide and H20 2 (Mittler 2002). Protective roles of the antioxidant enzymes in 

temperature stress have been previously reported for a number of plants 

(Almeselmani et al. 2006; Babu and Devraj 2008). The balance of superoxide 

dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) activities will be 

crucial for suppressing toxic ROS level in a cell. Changing the balance of scavenging 

enzymes will induce compensatory mechanisms (Chakraborty 2005). Antioxidant 

metabolites like glutathione, ascorbic acid, tocopherol and carotenoids also protect 

plants against oxidative stress (Sairam et al 2000). It has also been reported that 

increase in temperature leads to ion leakage and this could be used as an index for 

screening genotypes against heat stress (Deshmukh et a/1991 ). 

A promising area for increasing resistance of crops to thermal stress is by the use of 

chemical treatments like salicylic acid, abscisic acid and calcium chloride 

(Larkindale and Knight 2002; He et al. 2005; Chakraborty and Tongden 2005). 

Acquisition of thermotolerance is likely to be of particular importance to plants that 

experience daily temperature fluctuations and are unable to escape to more favourable 

environments. 

The present investigation was undertaken to determine the effect of high temperatures 

and low temperatures on antioxidative enzymes, antioxidants, lipid peroxidation and 

membrane stability on different varieties of lentil (Lens culinaris) and soybean 

( Glycine max) respectively, as well as to identify the most tolerant varieties and 

markers for tolerance and susceptibility. Besides, amelioration of high temperature 

stress by pre-treatment with some chemicals has also been attempted. 



Litenture 
Review 
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Normal growth and development of plants is greatly dependent on the capacity to 

overcome environmental stresses. Environmental stress conditions like high salinity, 

drought, high incident light and low or high temperature cause major crop losses 

worldwide. A common denominator in all these adverse conditions is the production 

of reactive oxygen species (ROS) within different cellular compartments of the plant 

cell. Since plants are immobile and remain rooted to the soil, they have developed 

robust mechanisms including enzymatic or non-enzymatic scavenging pathways to 

counter the deleterious effects of ROS production. Temperature stress has turned out 

to be the most important abiotic stress to which a plant is exposed. Temperature 

stresses experienced by plants can be classified into three types: those occurring at (a) 

temperatures below freezing, (b) low temperatures above freezing, and (c) high 

temperatures (Iba, 2002). Because of the overall impact of abiotic stresses in general 

and temperature stress in particular, on plant metabolism, it is an area where current 

research is focussed. Hence there are a number of general reviews on oxidative stress 

in plants and the response of plants in general to temperature stress (Yoshida , 1999; 

Apel and Hirt, 2004; Jithesh et al.;2006; Ahmad et al. 2008; Badea and Basu, 2009). 

The review of literature presented below gives an insight into work done in the line of 

the investigation. 

Low temperature stress 

Several reports are available on the response of different varieties of maize to 

chilling. Marc et. al. (1995) examined the response of antioxidants to acclimation and 

chilling in various tissues of dark-grown maize (Zea mays) seedlings in relation to 

chilling tolerance and protection from chilling induced oxidative stress. They reported 

that chilling caused an accumulation of H20 2 in both the coleoptile + leaf and the 

mesocotyl (but not roots), and acclimation prevented this accumulation. None of the 

antioxidant enzymes were significantly affected by acclimation or chilling in the 

coleoptile + leaf or root. However, elevated levels of glutathione in acclimated 

seedlings may contribute to an enhanced ability to scavenge H20 2 in the coleoptile + 

leaf. In the mesocotyl (visibly most susceptible to chilling), catalase3 was elevated in 

acclimated seedlings and may represent the first line of defence from mitochondria

generated H202. Nine of the most prominent peroxidase isozymes were induced by 

acclimation, two of which were located in the cell wall, suggesting a role in 

lignifications. Lignin content was elevated in mesocotyls of acclimated seedlings, 
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probably improving the mechanical strength of the mesocotyl. One cytosolic 

glutathione reductase isozyme was greatly decreased in acclimated seedlings, whereas 

two others were elevated, possibly resulting in improved effectiveness of the enzyme 

at low temperature. When taken together, these responses to acclimation illustrate the 

potential ways in which chilling tolerance may be improved in pre-emergent maize 

seedlings. In another study, antioxidant enzyme activities were determined at the first, 

third and fifth leaf stages of four inbred lines of maize (Zea mays L.) exhibiting 

differential sensitivity to chilling. Plants were exposed to a photoperiod of 16:8 L: D 

for one ofthree treatments: (a) control (25 °C), (b) control treatment plus an exposure 

to a short-term chilling shock (11 °C 1 d prior to harvesting), and (c) long-term (11 C 

constant) chilling exposure. Catalase (CAT; EC 1.11.1.6), ascorbate peroxidase 

(ASPX; EC 1.11.1.11 ), superoxide dismutase (SOD; EC 1.15 .1.1 ), glutathione 

reductase (GR; EC 1.6.4.2), and monodehydroascorbate reductase (MDHAR; EC 

1.6.5.4) activities were assessed. Reducing and non-reducing sugars and starch 

concentrations were determined general metabolic indicators of stress. Reduced 

activities of CAT, ASPX, and MDHAR may contribute to limiting chilling tolerance 

at the early stages of development in maize. Changes in levels of sugar and starch 

indicated a more rapid disruption of carbohydrate utilization in comparison to 

photosynthetic rates in the chilling-sensitive line under short-term chilling shocks and 

suggested a greater degree of acclimation in the tolerant lines over longer periods of 

chilling ( Hodges, 1997). The potential role of antioxidant enzymes in protecting 

maize (Zea mays L.) seedlings from chilling injury was also examined by analyzing 

enzyme activities and isozymes profiles of chilling-susceptible (CO 316) and chilling

tolerant (CO 328) inbreds( Pinhero et.al. 1997) .. Leaf superoxide dismutase (SOD) 

activity in CO 316 was nearly one-half that of CO 328, in which the high activity was 

maintained during the chilling and post chilling periods. Activity of glutathione 

reductase (GR) was much higher in roots than in leaves. CO 328 also possessed a new 

GR isozymes that was absent in roots of CO 316. Ascorbate peroxidase (APX) 

activity was considerably lower in leaves of CO 328 than in CO 316, and nearly 

similar in roots. Paclobutrazol treatment of CO 316 induced several changes in the 

antioxidant enzyme profiles and enhanced their activities, especially those of SOD 

and APX, along with the induction of chilling tolerance. These results suggest that 

increased activities of SOD in leaves and GR in roots of CO 328, as well as SOD and 
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APX in leaves and roots of paclobutrazol-treated CO 316, contribute to their 

enhanced chilling tolerance 

In a further study, the mechanisms of chilling acclimation and the role of 

antioxidant enzymes, catalase in particular, in inducing chilling tolerance in pre

emergent maize (Zea mays L.) seedlings have been investigated by Prasad (1997). 

Seedlings were acclimated to chilling stress in two different ways. Three-day-old 

seedlings did not survive 7 d of 4°C stress unless acclimated by exposure to either 

l4°C for 1 d or 4°C for 1 d followed by recovery at 2JOC for 1 d. Although no changes 

in superoxide dismutase and ascorbate peroxidase activities were observed, both kinds 

of acclimated seedlings had higher catalase (CAT), glutathione reductase, and 

guaiacol peroxidase activities compared with nonacclimated seedlings during low

temperature stress and recovery conditions. To study the role of CAT in chilling 

tolerance, aminotriazole (AT) was used as a tool to artificially inhibit CAT activity 

and to initiate oxidative stress in the seedlings. Treatment of acclimating seedlings 

with 3 mM AT for 18 h abolished the acclimation phenomenon. AT treatment was 

found to be specific to CAT inhibition, because the total activities or isozymes 

profiles of the other investigated antioxidant enzymes were not altered in AT -treated 

seedlings. Protein carbonyl content, an indication of oxidative damage, was increased 

2-fold in nonacclimated and AT -treated acclimated seedlings. These results 

collectively indicate that acclimation to prolonged chilling stress can be achieved by 

briefly pre-exposing the seedlings to 4°C chilling stress and that acclimation-induced 

(oxidative stress-induced) CAT seems to play a major role, probably along with other 

antioxidant enzymes, in inducing chilling tolerance in pre-emergent maize seedlings. 

In another study,tolerance to low temperature and parquet-mediated oxidative stress 

was investigated by Lannelli et al. ( 1999) in two Zea mays genotypes, VA 36 and 

A619, grown at 25/22 'Cand 16114 'Cfor 50 d after germination. VA36, the tolerant 

genotype, showed an enhanced resistance to parquet as compared to A619, the 

sensitive genotype, when grown at low temperature. In VA36, superoxide dismutase 

and ascorbate peroxidase activities increased during growth at both 25/22 Cor 16/14 

'C. In A619, superoxide dismutase activity was similar in plants grown at both 

16/14 'C or 25/22 'C. Ascorbate peroxidase activity was always significantly lower in 

plants grown at low temperature than in plants grown at 25/22 C. The total ascorbate 

peroxidase activity was correlated with the cytosolic ascorbate peroxidise protein 
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content in all but A 619 plants grown at low temperature for 25 d. The isozymes 

pattern of SOD showed a higher abundance of Mn SOD in V A36 than in A619 and of 

Fe SOD in A619 compared to VA 36. Growth at low temperature enhanced resistance 

to parquet infiltration more in VA 36 than in A619. SOD and APX activities were 

generally higher and more stable with the increase of parquet concentration in VA 36 

than in A619. Damage indicated by Fv/Fm and ion leakage after parquet infiltration 

were generally higher in plants grown at 25/22 'C than at 16/14 C and higher in plants 

grown at 25/22 'C than at 16/14 C and higher in A 619 than in VA36. However, no 

causuallink was proved between the extent of damage and the increase of SOD and 

APX activities alone. It was suggested that tolerance to oxidative stress requires an 

interacted enhancement of the antioxidant system. The distribution of antioxidants 

between bundle sheath and mesophyll cells of maize leaves was analysed by Pastori 

(2000) in plants grown at 20 °C, 18 °C and 15 °C. The purity of the isolated bundle 

sheath and mesophyll fractions was determined using compartment-specific marker 

enzymes. In plants grown at 15 °C, ascorbate peroxidase, CuZn-superoxide dismutase 

(CuZn-SOD) and monodehydroascorbate reductase activities were increased in the 

bundle sheath cells, and glutathione reductase, dehydroascorbate reductase and 

monodehydroascorbate reductase activities were enhanced in the mesophyll cells. 

SOD was absent from the mesophyll of plants grown at 20 oc but an Fe-SOD activity 

was found in the mesophyll of plants grown at 15 °C. Foliar Mn-SOD activities were 

decreased at 15 °C compared to 20 °C. Catalase was undetectable in the mesophyll 

extracts of plants grown at 15 °C. Ascorbate and glutathione contents were 

considerably higher in the mesophyll than the bundle sheath fractions of plants grown 

at 20 °C. The ratios of reduced to oxidized forms of these antioxidants were 

significantly decreased in the bundle sheath, but increased in the mesophyll of leaves 

grown at 15 °C. Foliar HzOz accumulated at 15 °C compared to 20 °C. Most of the 

foliar HzOz was localized in the mesophyll tissues at all growth temperatures. The 

differential distribution of antioxidants between leaf bundle sheath and mesophyll 

tissues, observed at 20 °C, was even more pronounced when plants are grown at 15 oc 
and according to the authors, these may contribute to the extreme sensitivity of maize 

to low temperatures. 
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Chilling shoot cultures from Oryza sativa L. cv. Taipei 309, to 4°C was reported to 

lead to conditions of oxidative stress. Tissue H202 was observed to increase more than 

fourfold by 8 d of chilling, and levels of reduced glutathione, which normally rise in 

growing shoot cultures at 25°C, were considerably repressed in chilled cultures. 

Whilst the activity of ascorbate peroxidase in chilled shoots remained similar to the 

activities in control cultures at 25°C, the most notable effects of chilling to 4°C were 

the very significant loss of catalase and glutathione reductase activity. Although prior 

exposure of shoot cultures to abscisic acid (ABA) at 25°C increased levels of catalase 

activity, such increased levels were not sustained when the pre-treated cultures were 

placed at 4°C. More over such pre-treatment with ABA did not increase the 

subsequent ability of shoot cultures to grow at 4°C (Fadzillah et. a!. 1996). 

French bean (Phaseolus vulgaris L. cv. Contender) plants at five 

developmental stages(4,8,16and 20 d after sowing) were exposed to one of three 

treatments: 1-25 'C( control), 2- expose to chilling at 10 'C only for 2d prior to sampling 

, and 3- long term exposure to chilling at 10 C. Short and long-term chilling decreased 

plant growth . Higher concentrations of ascorbate and glutathione were found in the 

chilling -treated plants throughout the different period of growth in comparison with 

those in the eontrol plants. The activities of superoxide dismutase, ascorbate 

peroxidase, and glutathione reductase increased in the chilling-treated seedlings while 

activities of catalase and peroxidase and of P-carotene content decreased in young 

chilling -treated plants and slightly increased in older ones (Saht, 1998) 

Exposure of coffee to low temperatures caused growth inhibition, changes in 

metabolic rates, and membrane alterations (Queiroz et al., 1998).Root tissue exposed 

to 1 ooc evolved significantly lower rates of metabolic heat compared with controls 

grown at 25°C, and the values were closely associated with the observed root growth 

inhibition. Electron paramegnetic resonance spectra of intact tissues showed that the 

spin probe 5-deoxylstearic acid was capable to intercalate within the cellular 

membrane lipids. Indeed , at the depth of the 51
h carbon atomes of the alkyl chains, the 

nitro xi de readical detected more rigid membranes in seedlings exposed to 1 ooc 
compared with 25c'C treated samples. Ascorbate peroxidase and catalase activities did 

not show appreciable changes under chilling conditions, while guaiacol peroxidase 

activity increased 55% compared to the control. On the other hand, glutathione 

reductase activity decreased, in parallel to a significant decline in the capacity to 
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reduce tri phenyl-tetrazolium. Results showed a marked correlation between lipid 

peroxidation and root tissue damage, which seemed to be associated with increased 

membrane rigidity. 

The effect of heat-shock (42°C or chilling -shock(5 °C) on growth and some 

relevant metabolic changes of broad bean (Vicia faba L.)were studied. Both heat and 

chilling stress induced a reduction in growth rate, membrane stability and content of 

photosyntheti(~ pigments( chlorophyll a, b and carotenoids ).K+ efflux and UV 

absorbance inereased at increasing or decreasing temperature. Considerable variations 

in the content of cellwall components (pectin, cellulose, hemicelluloses and lignin), 

cellwall associated proteins ,soluble sugars, starch , total lipids, glycolipids, 

phospholipids and sterols were induced by extreme temperature (Hamada, 2001 ). 

Aerial parts of the chilling-sensitive young sal seedlings showed over 

production of reactive oxygen species (ROS) and thiobarbituric acid reactive 

substances (TBARS) in response to constant chilling exposure during November to 

March (9-14.1 °C) in field conditions. Almost 4-6 fold increase in ROS was observed 

in aerial parts of chilling exposed seedlings than the control seedlings (maintained in 

greenhouse). Inereased formation ofROS was found to be closely associated with the 

rise in TBARS in leaf (5.8 fold) and shoot (4.8 fold) tissues. On the contrary the leaf 

and shoot of control seedling and root of both control and chilling exposed seedlings 

exhibited relatively very low levels of superoxide and TBARS. The chilling exposed 

seedlings also showed striking weakening in the free radical processing enzymes 

systems. The low temperatures during November to March resulted in reduced 

activities of superoxide dismutase (SOD), catalase (CAT), guaiacol peroxidase (POX) 

and ascorbate peroxidase (APX) almost by 49,26,7 and 78% in leaves and 65,46,9 and 

85% in shoots respectively compared to leaves and shoots of control seedlings. Their 

results indicated that , substantially higher rates of liberation of superoxide and 

TBARS along with drastic failure of antioxidant enzyme system in chilling sensitive 

sal seedlings leads to oxidative bursts terminating into irreversible injury in leaves and 

shoots of these seedlings. (Keshavkant and Naithani, 2001) 

Wheat (Triticum aestivum L., cv. Beloslava) seeds were imbibed for 24 h in 

water solutions containing 0, 25 and 50 mg. of paclobutrazol by Berova et al. (2002). 

The seedlings were grown as a substrate culture under controlled climatic conditions. 

Seven-day-old plants were exposed to low temperature stress by placing them in a 
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cold room at a temperature of 2± 1 °C for 10 days - the first phase of hardening, -

4±1°C for 3 days-- the second phase of hardening and freezing, -10±1°C for 1 day

the third phase of hardening and freezing. After exposure to stress, the seedlings were 

returned to a climatic chamber with controlled climatic conditions. Under stress 

conditions the growth rates of the PBZ-treated seedlings measured by height, fresh 

and dry weights were greater than the control. Low temperature stress (L TS) induced 

lipid peroxidation and increased peroxidase activity. It was also found that LTS 

decreased the chlorophyll and carotenoid levels. A decrease in fluorescence ratio 

(Fv/Fm) indicated lower photosynthetic efficiency. These deteriorative symptoms in 

the control seedlings were ameliorated by the PBZ treatment. Based on the results of 

triazole studies, authors presumed that the stress protection caused by PBZ probably 

contributes to some extent to the enhanced activity of the free-radical scavenging 

systems. 

Chilling whole rice seedlings at 5°C significantly increased the time needed to 

recover linear growth and reduced the subsequent linear rate of radical growth. 

Subjecting non chilled seedlings to a 45°C heat shock for up to 20 min did not alter 

subsequent growth, where as a 3 min heat shock was optimal in reducing growth 

inhibition caused by 2 days of chilling. The activity of five antioxidant enzymes 

(superoxide dismutase ( EC 1.15.1.1 ), catalase ( CAT; EC 1.11.1.6), ascorbate 

peroxidase (APX; EC 1.11.1.11 ), glutathione reductase (GR; EC 1.6.4.2), and 

guaiacol peroxidase (GPX; EC 1.11.1.7), and DPPH( 1,1- diphenyl -2-

picrylhydrazyl)- radical scavenging activity were measured in heat -shocked and I or 

chilled radicles. Heat shock slightly increased the activity of CAT, APX, and GR and 

suppressed the inerease of GR and GPX activity during recovery for, chilling. 

Increased CAT, APX, GRand DPPH- radical scavenging activity and protection of 

CAT activity during chilling appear to be correlated with heat shock-induced chilling 

tolerance ( Kang and Saltveit, 2002). 

The changes in antioxidant enzymes and polyamines were investigated in the 

leaves of watermelon plants in response to a short exposure to chilling temperatures 

by K won et al. (2002). Chilling temperatures not only reduced biomass but also 

caused an overall increase in antioxidant enzyme activities and polyamines in the 

leaves of watermelon. The antioxidant enzyme activities after chilling treatment were 

higher than those plants grown at 30 °C. The catalase (CAT) and peroxidase (POD) 
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activities in leaves were significantly increased, reaching a maximum at 2 days after 

chilling treatment, while they decreased slightly after 3 days. The means of 

antioxidant enzyme activities were higher in the leaves than in shoot apexes. In the 

native-gel assay of antioxidant enzymes, the low temperature treatment resulted in 

quantitative changes in CAT and superoxide dismutase (SOD) isozymes profiles, but 

they did not find any qualitative changes in the isozymes which were induced by 

chilling. In contrast, low temperatures induced the synthesis of 4 new POD band 

isozymes in watermelon leaves. Similarly increased polyamine contents of 

watermelon leaves were found to be associated with antioxidant enzyme activities 

under the chilling conditions. Exposure to low temperatures caused an increase in 

spermidine (SPD) and spermine (SPM), but not in putrescine (PUT) levels. One of the 

possible mechanisms of chilling resistance was an observed increase in polyamines 

with the marked increases in antioxidant enzyme activities. The results also indicate 

that SPD and SPM levels in watermelon leaves could have a protective role against 

chilling-induced active oxygen species. 

The antioxidant effects, the levels of total phenol and the total phenol contents 

of volatile oils and plant extracts were determined in eight various Rosemary 

(Rosmarinus officina/is L.) clones by Banyai et a/.(2003). Antioxidant activities and 

the total phenol contents were measured by spectophotometric method as well as the 

volatile oil content of the fresh plants with gas chromatograph. Their preliminary 

results clearly indicate that the antioxidant capacity of volatile oils and plant extracts 

closely related to the total phenol contents. Reason of the observed differences should 

be revealed by the determination of the quantity and quality of the individual volatile 

oil components. 

The effect of elevated light treatment (25 °C, PPFD 360 JllllOl m -2 sec -I) or 

chilling temperatures combined with elevated light (5 °C, PPFD 360 J..l.mol m -2 sec -I) 

on the activity of six antioxidant enzymes, guaiacol peroxidases, and glutathione 

peroxidase (GPx, EC 1.11.1.9) protein accumulation were studied in tobacco 

Nicotiana tabacum cv. Petit Havana SRl. Both treatments caused no photo oxidative 

damage, but chilling caused a transient wilting. The light treatment increased the 

activities of ascorbate peroxidase (APx, EC 1.11.1.11) and guaiacol peroxidases while 

catalase (EC 1.11.1.6), superoxide dismutase (SOD, EC 1.15.1.1 ), 

monodehydroascorbate reductase (MDHAR, EC 1.6.5.4), dehydroascorbate reductase 
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(DHAR, EC 1.8.5.1), and glutathione reductase (EC 1.6.4.2) were unchanged. In 

contrast, chilling treatment did not increase any of the antioxidant enzyme activities, 

but decreased catalase and to a lesser extent DHAR activities. Glutathione peroxidase 

protein levels increased sporadically under light treatment and constantly under 

chilling. Both chilling and light stress caused induction of glutathione synthesis and 

accumulation of oxidised glutathione, although the predominant part of the 

glutathione pool remained in the reduced form. Antioxidant enzymes from the chilling 

treated plants were measured at both 25 °C and 5 °C. Measurements at 5 oc revealed 

a 3-fold reduction in catalase activity, compared with that measured at 25 °C, 

indicating that the overall reduction in catalase after four days of chilling was 

approximately 1 0-fold. The overall reduction in activity for the other antioxidant 

enzymes after four days of chilling was 2-fold for GR and APx, 1.5-fold for MDHAR, 

3.5-fold for DHAR. The activity of SOD was the same at 25 and 5 °C. These results 

indicated that catalase and DHAR were most strongly affected by the chilling 

treatment and may be the rate-limiting factor of the antioxidant system at low 

temperatures (Gechev et al.2003) 

Funatsuki et a!. (2003) investigated the isozyme profiles of antioxidant 

enzymes in soybean cultivars and lines \Vith different seed productivity in cool 

climate conditions as a step towards understanding the physiological and genetical 

mechanisms underlying chilling tolerance in soybean. While no difTerence in 

superoxide dismutase, or catalase isozyme profiles was observed among the cultivars 

and lines tested, authors found polymorphism in the ascorbate peroxidase isozyme 

profile; there were two types, with or without a cytosolic isofom1 (APX 1 ). The 

cultivars and lines lacking APXJ proved more tolerant to chilling temperatures. as 

evaluated by yielding ability. The genotype- dependent deficiency of APXl vvas 

consistent in plants and tissues under various oxidative stress conditions including the 

exposure to low-temperatures. In addition, the genetic analysis of progeny derived 

from crossing between cultivars differing in the isozymes profile indicated that the 

APXl deficiency is controlled by a single recessive gene (apx l), and is inherited 

independently of the genes that have previously been identified for their association 

with chilling tolerance. Molecular and linkage analyses suggested that the variant 

gene of the APX 1-absent genotype coding for a cytosolic APX. which contained a 

single nucleotide substitution and a single nucleotide deletion in the coding region. is 

responsible for the genotype-dependent deficiency of APX 1. 
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Rice ( Oryza sativa L.) is a tropical crop, but is also grown in temperate regions 

in late spring to summer. Cold temperature damage is a common problem for early

planted rice in temperate countries. Physiological responses to chilling, including 

antioxidative enzyme activity, were investigated in rice to identify mechanisms of 

chilling tolerance. Plants were exposed to l5°C (cold-acclimated) or 25°C 

(nonacclimated) for 3 d, under 250 J.lmol m-2 s-1 photosynthetically active radiation 

(PAR). All plants were then exposed to chilling temperature at soc for 3 d and 

allowed to recover at 25°C for 5 d. Leaf fresh weight, relative water content, lipid 

peroxidation, chlorophyll a fluorescence, and quantum yield showed that cold

acclimated leaves were less affected by chilling compared to nonacclimated leaves. 

Cold-acclimated leaves also recovered faster from chilling injury than nonacclimated 

leaves. Kuk et a/.(2003) analyzed the isozymes profile and activity of superoxide 

dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), and glutathione 

reductase (GR) in rice varieties. Significant induction of expression and activity of 

antioxidative enzymes CAT and APX in leaves and SOD, CAT, APX, and GRin 

roots were observed. They deduced that CAT and APX are most important for cold 

acclimation and chilling tolerance. Increased activity of antioxidants in roots was 

suggested to be more important for cold tolerance than increased activity in shoots. 

Chilling-sensitive rice plants can be made tolerant by cold acclimation. 

Using Scots pine (Pinus sylvestris L.) as a model plant the environmental 

signals inducing frost hardening and dehardening, respectively were investigated. 

Over 2 years the changes in frost resistance of Scots pine needles were recorded 

together with the annual courses of day-length and ambient temperature. Both act as 

environmental signals for frost hardening and dehardening. Climate chamber 

experiments showed that short day-length as a signal triggering frost hardening could 

be replaced by irradiation with far red light, while red light inhibited hardening. The 

involvement of phytochrome as a signal receptor could be corroborated by respective 

night-break experiments. More rapid frost hardening than by short day or far red 

treatment was achieved by applying a short period (6 h) of mild frost which did not 

exceed the plant's cold resistance. Both types of signals were independently effective 

but the rates of frost hardening were not additive. The maximal rate of hardening was 

- Ox93°C per day and frost tolerance of<- 72°C was achieved. For dehardening, 

temperature was an even more effective signal than day-length. (Becket al. 2004) 



15 

Lee et al. (2004) studied changes in biochemical and physiological status, 

level of oxidative damage, and antioxidant enzyme activities in detached leaves of 

cucumber plants (Cucumis sativus L. cv. Pyunggangnaebyungsamchuk) that were 

exposed to a low temperature of 4°C. Chlorophyll fluorescence (Fv/Fm) declined 

during the chilling treatment, but was slowly restored after the tissues were returned 

to 25°C. Likewise, the fluorescence quenching coefficient and relative water content 

decreased during the stress period, but then increased during recovery. In contrast, 

they detected a significant rise in protein and hydrogen peroxide contents in the 

chilled leaves, as well as higher activities for superoxide dismutase, ascorbate 

peroxidase, peroxidase, and glutathione reductase. However, the level of catalase 

decreased not only during chilling but also after 24 h of recovery. These results 

indicate that exposure to low temperatures acts as an oxidative stress. Moreover, they 

proposed that a regulating mechanism exists in the detached cucumber leaves and 

contains an antioxidant defense system that induces active oxygen species, thereby 

alleviating the effects of chilling stress within 12 h. In the course of the year perennial 

plants of the temperate climate zones undergo frost hardening in autumn and 

dehardening in spring. 

According to Scott et a/.(2004), the growth of Arabidopsis plants in chilling 

conditions could be related to their levels of salicylic acid (SA). Plants with the SA 

hydroxylase NahG transgene grew at similar rates to Col-O wild types at 23°C, and 

growth of both genotypes was slowed by transfer to soc. However, at S°C, NahG 

plants displayed relative growth rates about one-third greater than Col-O, so that by 2 

months NahG plants were typically 2.7-fold larger. This resulted primarily from 

greater cell expansion in NahG rosette leaves. Specific leaf areas and leaf area ratios 

remained similar in both genotypes. Net assimilation rates were similar in both 

genotypes at 23°C, but higher in NahG at soc. Chlorophyll fluorescence 

measurements revealed no PSII photodamage in chilled leaves of either genotype. 

Col-O shoots at soc accumulated SA, particularly in glucosylated form. SA in NahG 

shoots showed similar tendencies at S°C, but at greatly depleted levels. Catechol was 

not detected as a metabolite ofthe NahG transgene product. Scott et al.( 2004) also 

examined growth and SA levels in SA signalling and metabolism mutants at soc. The 

partially SA-insensitive npr 1 mutant displayed growth intermediate between NahG 

and Col-O, while the SA-deficient eds5 mutant behaved like NahG. In contrast, the 

cpr 1 mutant at soc accumulated very high levels of SA and its growth was much 
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more inhibited than wild type. At both temperatures, cpr 1 was the only SA-responsive 

genotype in which oxidative damage (measured as thiobarbituric acid-reactive 

substances) was significantly different from wild type. 

Mung bean (Phaseolus radiatus Linn.) and garden pea (Pisum satium Linn.), 

which were stressed 4 days under a low temperature of 1 0°C, were used as materials 

by Chen et al. (2005) to study the cold tolerance of plant with different resistance. 

On the 2nd and 3rd day under 1 0°C stress, both the malondialdehyde (MDA) content 

and the superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD) activities 

increased significantly in hypocotylar cells of mung bean, so did SOD activity in 

garden pea, but other physiological indexes in garden pea were not different from the 

non-treatment groups . In hypocotylar cells of mung bean, SOD activity was always 

maintained at the highest level in a period of time, as also POD activity. Ultra 

structural results after stress indicated as follows: (1) Plastids in hypocotylar cells of 

mung bean accumulated much starch, whereas , the form of plastids in hypocotylar 

cells of garden pea changed markedly to become dumb-bell-shaped, round or 

irregular, with the last one being the most common form ; (2) In both mung bean and 

garden pea, central vacuole was divided into small vacuoles, and the number of 

mitochondria increased and became aggregated. Judging from the activities of 

protective enzymes and ultra structures, I 0 °C low temperature caused non-lethal, 

temporary injuries to hypocotyls ultra structures in mung bean, but no visible injury at 

all, and even improved its cold tolerance to a certain degree in garden pea. 

The responses of anti oxidative system of rice to chilling were investigated in a 

tolerant cultivar, Xiangnuo-1, and a susceptible cultivar, IR-50. The electrolyte 

leakage and malondialdehyde content of Xiangnuo-1 were little affected by chilling 

treatment but those of IR-50 increased. Activities of suoperoxide dismutase, catalase, 

ascorbate peroxidase and glutathione reductase, and ascorbic acid content of 

Xiangnuo-1 were remained high, while those of IR-50 decreased under chilling. The 

results indicated that higher activities of defense enzymes and higher content of 

antioxidant under stress were associated with tolerance to chilling.(Huang and Guo, 

2005). 

According to Mahan and Mauget (2005), early season temperature stress adversely 

affects the growth and development of cotton (Gossypium hirsutum L.) seedlings. 
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Oxidative damage resulting from temperature extremes was thought to be a cause of 

diminished seedling performance. Cotton ( cv Fibermax 958) was planted at Lubbock, 

TX, in 2003 and 2004 to investigate the effect of low and high temperatures on 

oxidative stress and antioxidant metabolism in seedlings exposed to normal thermal 

variation. Early and late plantings in 2003 provided seedlings of different ages for 

comparisons. Malondialdehyde was slightly increased in response to low temperatures 

indicating some oxidative damage in the seedlings. The activities of ascorbate 

peroxidase and glutathione reductase were not altered in response to low or high 

temperatures. The glutathione pool was predominately reduced in all plantings in both 

years indicating sufficient reduced glutathione. Authors concluded that the indicators 

of antioxidant metabolism varied in the seedlings but not in response to temperature 

variation. They proposed that antioxidant metabolism in the seedlings was sufficient 

to mitigate oxidative damage with only minor alterations. 

Changes of activity antioxidant enzymes and of levels of isoflavonoids were 

studied in the roots and hypocotyls of the etiolated soybean (Glycine max (L.) Merr. 

var. Essor) seedlings, submitted to cold. Prolonged exposure to 1 °C inhibited 

hypocotyls and root elongation and limited their growth after seedlings were 

transferred to 25 °C. Roots were more sensitive to chilling than hypocotyls. At 1 °C a 

gradual increase in MDA concentration in roots but not in hypocotyls was observed. 

An increase in catalase (CAT, EC 1.11.1.6) and superoxide dismutase (SOD, EC 

1.15 .1.1) activity in hypocotyls was observed both at 1 °C and after transfer of plants 

to 25 °C. In roots, CAT activity increased after 4 days of chilling, while SOD activity 

only after rewarming. !-Phenylalanine ammonia-lyase (PAL, EC 4.3.1.5) activity 

decreased in roots of chilled seedlings, but did not change in hypocotyls until activity 

increased after transfer to 25 °C. The content of genistein and daidzein increased after 

24 h of treatment by low temperature and then decreased with prolonged chilling in 

hypocotyls and remained high in roots (Posmyk et a/.2005). 

Under circumstances where electron transport is restricted, low temperature 

condition oxidative stress may occur even at optimal or low-light intensities. Short 

term-effects of light intensities(20 or 100 J.tmol m-2sec-\ on the levels of6 enzymatic, 

two non-enzymatic antioxidants, chla, chl b, total carotenoid and p-carotene , on the 

antioxidant respons~~ of Dunaliella salina under cold temperature (13°C )were 

quantified after 24h stress treatments. The activity of superoxide dismutase (SOD) 

~ 
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increased, under 13 °C/100 !lmol m-2sec-1 
, whereas ascorbate peroxidase(APX), 

dehydroascorbate reductase(DHAR), superoxidase dismutase and pyrogallol 

peroxidase activities were induced under 13 °C/20 !lmol m-2sec -I . The cells exhibited 

an increase in reduced ascorbate and reduced glutathione (GSH) coincident with a 

marked increase in oxidized glutathione (GSSG), at 13 °C/20 jlmol m-2sec-1
• There 

were no marked changes in ascorbate or glutathione pools at 13°C/20 !lmol m-2sec-1 
, 

which are similar to those at 28 °C/100 jlmol m-2sec-t .Chlorophyll and carotenoids 

reduction were also observed under chilling treatements, which were more reduced 

by the higher light intensity (13 °C/100!lmol m-2sec-t ). The results of present study 

indicated various antioxidants responds to different combinations of chilling and low 

light intensities in D. salina. These responses are very sensitive to small increase in 

the light intensity (Haghjou et al. 2006) 

Einset et al. ( 2007) identified genes up regulated by glycine betaine that are 

involved in reactive oxygen species (ROS) metabolism and membrane trafficking 

processes. Direct evidence was provided for a role for a membrane trafficking protein 

(RabA4c) in GB's effect on ROS accumulation during chilling. Chilling elevates 

ROS levels and results in inhibited root growth upon transfer of plants back to normal 

growing conditions. During the 2--4 day recovery period, ROS levels decline in root 

tips and in leaves. If ROS accumulation in response to chilling is blocked by pre

treatment with GB, optimal root growth begins as soon as plants are transferred back 

to normal growing conditions without a recovery period, suggesting that chilling 

stress involves a ROS signalling pathway. 

Jain eta!. (2007) conducted a laboratory experiment to study the effect of low 

temperature stress on stubble bud sprouting and associated biochemical changes in 

sugarcane (Saccharum spp. Hybrid). At 25°C stubble bud sprouting was about 80%, 

whereas at 15 and 6 oc, it was 56% and 23%, respectively. In stubble buds the levels 

of reducing sugars and acid invertase were low, while IAA, total phenol and proline 

contents were high at low temperatures, as compared to normal temperature (25 °C). 

Similarly, the specific activities of antioxidant enzymes, viz., catalase and peroxidase 

in stable buds were higher at low temperature than at normal temperature. The results 

indicate that poor sprouting of stubble buds at low temperatures appears to be due to a 

reduced availability of reducing sugars concomitant with a lower activity of acid 

invertase. An increast~d level of IAA together with toxicity build -up in situ due to an 
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accumulation of total phenols may be responsible for the maintenance of dormancy in 

stubble buds at low temperatures. On the other hand, higher activities of catalase and 

peroxidase enzymes may protect stubble buds from an oxidative damage, while 

proline accumulation to act as an osmoprotectant under low temperature stress. 

The effect of low temperatures on polyamines, jasmonates, abscisic acid 

(ABA), and antioxidant activities was investigated by Yoshikawa et al. (2007) in 

apple fruit lets. Although endogenous ABA concentrations were not significantly 

different between untreated control fruit kept at - 2°C and those kept at 20°C, 

endogenous jasmonic acid (JA), putrescine, and spermidin concentrations at -2°C 

were generally higher than those at 20°C. Endogenous ABA concentrations increased 

in n-propyl dihydrojasmonate (PDJ)-or spermine-treated fruit in comparison to the 

untreated control at 20 and -2°C. The applications ofPDJ or spermine decreased low

temperature injuries such as splitting and spotting in fruit. Although the ICso of 1,1-

diphenil-2-pycrylhydrazyl (DPPH)-radical scavenging activities was not significantly 

different among the treatments, the IC50 of 0 2 --scavenging activities in PDJ-treated 

or Spm-treated fruit at 5 days after the low-temperature treatment was lower than in 

the untreated control at 20 and - 2°C. The expression of MdCHS increased in Spm

treated fruit. The concentrations of ascorbic acid, catechin, chlorogenic acid, epi

catechin, and phloridzin in Spm-treated fruit were higher than in the untreated control 

at -2 or 20°C.. These facts suggest that ABA, jasmonates and polyamines may be 

associated with low-temperature stress tolerance in apple fruitlets. 

It was observed by Dutta et al. (2008) that temperature had a profound effect 

on chloroplast biogenesis and associated greening processes. Therefore, the import 

efficiency of in vitro translated precursor of nuclear coded small subunit of ribulose 

1,5 bisphosphate carboxylase/ oxygenase (pRSS) into chloroplasts isolated from pea 

plants exposed to chill-stress (7°C), and heatstress ( 40°C) for 24-48 h was studied. 

The binding of precursor proteins to the envelope membranes was not affected in 

chill-stressed plants. The protein import into chloroplasts in chill-stressed plants was 

reduced. In heat-stress, binding of pRSS was impaired most likely due to reduced 

presence of the receptor. When isolated intact chloroplasts were given 1 0 min of heat 

stress at 35°C their protein import efficiency was severely inhibited implying that 

protein import apparatus in pea has a low thermal stability. Down-regulation of 
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plastid development in temperature stress could be partly attributed to reduced protein 

import into chloroplast. 

The activity of peroxidase (PRX) Isozyme, lipid peroxidation 

(Malondialdehyde, MDA content) and cell membrane injury were studied during low 

temperature treatment for different periods in strawberry (Fragaria x ananassa cv. 

Camarosa) leaftissues. Seedlings were grown for six weeks (plants had 4-5 leaves) in 

a greenhouse then the plants were transferred to a climate chamber with constant SoC, 

60% relative humidity, 14/10 h (light/dark) photoperiod regime and 4 LS light 

intensity for 1, 4, 7 or 10 days to impose a low temperature stress. In general, low 

temperature applic:ation during 10 days caused a linear increase in MDA content. 

Native polyacrylamide gel electrophoresis (PAGE) of both acidic and basic 

peroxidase (PRX) isozymes yielded a single sharp protein band with Rf=0.23 and 

Rf=O.l7, respectively. In addition data indicated a strong relationship between band 

intensities and the duration of the low temperature treatment. However, the 

considerable increase of PRX activities could not stop the deleterious effects of low 

temperature, but reduced severity of stress, thus showing a reduction in the 

percentage of injury on the 7th day which is correlated with cold-acclimation of 

strawberry leaf tissues under low temperature (Gulen et a/.2008). 

Soybean (Glycine max) is a tropical crop , but is also grown in temperate 

regions in middle spring to late summer (Yadeghari et al.2008).Co1d temperature 

damage is a common problem for this plant in temperate regions. Physiological 

responses to chilling, including antioxidative enzyme activity, relative water content 

(RWC) and soluble sugar contents were investigated in soybean to identify 

mechanisms of chilling tolerance. Plants were exposed to l5°C (cold-acclimated) or 

25 oc (nonacclimated) for 24h, under 250 11mol m-2s-l Photosynthetically Active 

Radiations(PAR). Then all plants were exposed to 4 °C (chilling temperature) for 24h 

and allowed to recover at 25 °C for 24h. They analyzed the activity of Ascorbate 

Peroxidase(APX) , catalase(CAT) and Guaiacol Peroxidase(GPX) and soluble sugar 

content and R WC in both shoots and roots of soybean seedlings . It was revealed that 

the activity of APX and CAT and GPX were induced in leaves and roots. Increased 

activity in roots is important for cold tolerance as compared to shoots. The amount of 

RWC decreased in both roots and shoots, but soluble sugar content increased, 



21 

especially in shoots as compared to control plants. Chilling sensitive soybean plants 

can be made tolerant to cold by cold acclimation. 

Dose-dependent effects of selenium on growth and physiological trait of wheat 

seedlings (Triticum aestivum L. cv Han N0.7086) exposed to cold stress were 

reported Chu et a!. (2009). Responses of seedlings were different depending on the Se 

concentration. The treatments with 0.5 and 1.0 mg Se kg- 1 significantly increased 

biomass and chlorophyll content of seedlings. However, the treatments at 2.0 and 

3.0 mg Se kg -J only induced an evident increase in chlorophyll content and did not 

promote biomass accumulation of seedlings. Antioxidant compounds content 

(anthocyanins, flavonoids, and phenolic compounds) and antioxidant enzymes' 

activities (peroxidase and catalase) increased by different Se treatments, while only 

the treatment with 1.0 mg Se kg -J induced a significant reduce in malondialdehyde 

content and the rate of superoxide radical production of wheat seedlings. The results 

of this study demonstrated that Se supply could increase antioxidant capacity of 

seedlings, and optimal Se supply reduced production of free radicals, membrane lipid 

peroxidation, and promoted biomass accumulation. 

The influence of proline and betaine exposure on antioxidant and 

methylglyoxal (MG) detoxification system during cold stress in Camellia sinesnis (L.) 

0. Kuntze was investigated by Kumar and Y adav (2009). Cold stress enhanced MG 

and lipid peroxidation levels in tea bud (youngest topmost leaf). This increase was 

resisted upon the exposure of tea bud to proline and betaine. Exposure of tea bud with 

proline and betaine also help in maintaining thiol/ disulfide ration during cold stress. 

Proline exposure enhanced glutathione-S- transferase and glutathione reductase (GR) 

activity, while betaine exposure increased only GR activity during cold stress. 

Furthermore, effect of proline I betaine was studied on glyoxalase pathway enzymes 

that are involved in MG detoxification and comprise and betaine showed protective 

effect on glyoxalase I and activationg effect on glyoxalase II during cold stress in tea 

bud. This investigation , therefore suggest that proline and betaine might provide 

protection to cold stress in tea by regulating MG and lipid peroxidation formation as 

well as by activating or protection some of antioxidant and glyoxalase pathway 

enzymes. 

Radyuk et al. (2009) studied the effect of low about - zero temperature (2°C) 

on the content of low-molecular antioxidants (ascorbic acid, glutathione and 
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carotenoids) and also activities of antioxidant enzymes (ascorbate peroxidase, APO; 

catalase , CAT ; glutathione reductase, GR; and superoxide dismutase, SOD) in green 

barley (Hordeum vulgare L.) seedlings. Under stress conditions, the content of low 

molecular antioxidants, especially that of reduced ascorbate form, increased. Low

temperature stress activated APO, CAT, GR and SOD. First enzymes responding to 

the action of stress factor were APO and CAT. i.e., enzymes neutralizing hydrogen 

peroxide in plant cells, which indicated H20 2 active generation at low temperature. 

Cytoplasmic SOD was more active than its chloroplast isoforms. This indicated that 

oxidative process initiation under low-temperature stress occurred more actively in 

the cytosol. After termination of stress- factor action, the content of total ascorbate, 

glutathione, and carotenoids reduced rapidly to the level close to the initial one. 

During post-stress period, the amount of reduced ascorbate declined as well; however, 

it remained at the level higher than the initial one . Activities of APO and CAT 

dropped sharply; activities of GR and SOD reduced gradually. Thus, reduced 

ascorbate, APO and CAT play an important role in plant cell defense against above 

zero temperatures close to zero; reduced ascorbate, GR, and SOD are especially 

important during post-stress period. 

To understand the adaptability of alfalfa (Medicago sativa L.) to chilling 

stress, Wang et. a/.,(2009) analyzed the antioxidative mechanism during seed 

germination. The germination rates of six alfalfa cultivars were studied comparatively 

at 1 0°C. Xinmu No. 1 and Northstar were selected as chilling stress-tolerant and 

stress-sensitive cultivars for further characterization. After chilling treatment, Xinmu 

No. 1 showed higher seedling growth than Northstar. Xinmu No. 1 exhibited low 

levels of hydrogen peroxide and lipid peroxidation compared with Northstar. In 

addition, shoots in Xinmu No. 1 treated with chilling showed higher activities of the 

superoxide dismutase,ascorbate peroxidase (APX), and catalase than those of 
• 

Northstar, whereas Xinmu No. 1 showed higher APX activity in roots that Northstar. 

These results indicated that high antioxidation activity in Xinmu No. 1 under chilling 

stress is well associated with tolerance to chilling condition during germination. 

Popov et al. (2010) studied low temperature adaptation of cold sensitive 

tobacco plants in relation to peroxidation of lipids (POL) in their leaves and roots. 

Experiments were performed with tobacco plants (Nicotiana tabacum L., cv. 

Samsun). Cold hardening (6 days at 8°C) exerted principally different action on 
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tobacco leaves and roots. In the leaves, the contents of dienoic conjugates and MDA 

was reduced, and tissue cold tolerance, even to below zero temperatures, was 

improved. In contrast, in the roots, POL was activated and root cold tolerance 

decreased. It is suggested that an incapability of the tobacco root system to adapt to 

low temperature was a limiting factor determining the low potential of this and other 

cold sensitive plants to hypothermia. 

Elevated Temperature Induced Stress 

According to Tewari and Tripathy (1998), chlorophyll (Chi) biosynthesis in chill 

(7°C)- and heat (42°C)-stressed cucumber (Cucumis sativus L. cv poinsette) seedlings 

was affected by 90 and 60%, respectively. Inhibition of Chi biosynthesis was partly 

due to impairment of 5-aminolevulinic acid biosynthesis both in chill- (78%) and 

heat-stress (70%) conditions. Protochlorophyllide (Pchlide) synthesis in chill- and 

heat-stressed seedlings was inhibited by 90 and 70%, respectively. Severe inhibition 

of Pchlide biosynthesis in chill-stressed seedlings was caused by inactivations of all of 

the enzymes involved in protoporphyrin IX (Proto IX) synthesis, Mg-chelatase, and 

Mg-protoporphyrin IX monoester cyclase. In heat-stressed seedlings, although 5-

aminolevulinic acid dehydratase and porphobilinogen deaminase were partially 

inhibited, one of the porphyrinogen-oxidizing enzymes, uroporphyrinogen 

decarboxylase, was stimulated and coproporphyrinogen oxidase and 

protoporphyrinogen oxidase were not substantially affected, which demonstrated that 

protoporphyrin IX synthesis was relatively more resistant to heat stress. Pchlide 

oxidoreductase, which is responsible for phototransformation of Pchlide to 

chlorophyllide, increased in heat-stress conditions by 46% over that of the control 

seedlings, whereas it was not affected in chill-stressed seedlings. In wheat (Triticum 

aestivum L. cv HD2329) seedlings porphobilinogen deaminase, Pchlide synthesis, and 

Pchlide oxidoreductase were affected in a manner similar to that of cucumber, 

suggesting that temperature stress has a broadly similar effect on Chl biosynthetic 

enzymes in both cucumber and wheat. 

Molecular chaperones, including the heat-shock proteins (Hsps), are a 

ubiquitous feature of cells in which these proteins cope with stress-induced 

denaturation of other proteins. Hsps have received the most attention in model 

organisms undergoing experimental stress in the laboratory, and the function of Hsps 

at the molecular and cellular level is becoming well understood in this context. A 



24 

complementary focus is now emerging on the Hsps of both model and nonmodel 

organisms undergoing stress in nature, on the roles of Hsps in the stress physiology of 

whole multicellular eukaryotes and the tissues and organs they comprise, and on the 

ecological and evolutionary correlates of variation in Hsps and the genes that encode 

them. This focus discloses that (a) expression of Hsps can occur in nature, (b) all 

species have hsp genes but they vary in the patterns of their expression, (c) Hsp 

expression can be correlated with resistance to stress, and (d) species' thresholds for 

Hsp expression are correlated with levels of stress that they naturally undergo. These 

conclusions are now well established and may require little additional confirmation; 

many significant questions remain unanswered concerning both the mechanisms of 

Hsp-mediated stress tolerance at the organism level and the evolutionary mechanisms 

that have diversified the hsp genes( Feder and Hofmann,1999). 

Understanding physiological and biochemical factors involved in heat-stress 

injury would help improve heat tolerance of cool-season grasses. The objective of a 

study by Liu and Huang ( 2000) was to investigate lipid peroxidation of cell 

membranes in relation to heat-stress tolerance in creeping bentgrass (Agrostis 

palustris Huds.) . Two creeping bent grass cultivars differing in heat tolerance, L-93 

(heat tolerant) and Penn cross (heat sensitive) were grown under two temperature 

regimes: 22/l6°C (day/night) and 35/25°C for 56 d in growth chambers. 

Photochemical efficiency (Fv/Fm) and chlorophyll content of leaves; and electrolyte 

leakage (EL); content of the lipid peroxidation product, malondialdehyde (MDA); and 

activities of antioxidant enzymes including superoxide dismutase (SOD), catalase 

(CAT), and peroxidase (POD) in leaves and roots were determined biweekly during 

heat stress. Leaf Fv/Fm ratio and chlorophyll content decreased, whereas EL and 

MDA contents of both leaves and roots increased under heat stress in both cultivars, 

but to a greater extent in Penncross. The activities of SOD and CAT decreased, 

whereas POD activity increased in both leaves and roots, which occurred to a greater 

extent for Penncross. The increases in MDA content and POD activity under heat 

stress were greater for leaves than for roots in both cultivars. These results suggest 

that decreased activities of antioxidant enzymes could result in an increased level of 

lipid peroxidation .. Thus, decreased activities of antioxidant enzymes could contribute 

to damage of cell membranes and to leaf senescence as demonstrated by increased EL 

and reduced Fv/Fm, and by decreased chlorophyll content during heat stress. Cultivar 
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variations in antioxidant enzyme activities were associated with their differences in 

heat tolerance as evidenced by Fv/Fm ratio, chlorophyll content, and EL. 

High temperature is a major factor limiting growth of cool-season grasses 

during summer months. A study was conducted to determine whether oxidative stress 

is involved in leaf injury induced by high soil temperatures in two creeping bentgrass 

(Agrostis palustris Huds.) cultivars, heat-tolerant L-93 and heat-sensitive Penncross. 

Shoots and roots were exposed to four differential temperature regimes in growth 

chambers and water baths: (i) 20/20°C (control); (ii) 20/35°C (high soil temperature); 

(iii) 35/20°C (high air temperature); and (iv) 35/35°C (high shoot/soil temperatures). 

Turf quality, leaf photochemical efficiency (Fv/Fm), electrolyte leakage (EL), content 

of a lipid peroxidation product (malondialdehyde, MDA), and activities of the 

antioxidants superoxide dismutase (SOD) and catalase (CAT) were determined. Turf 

quality and leaf Fv/Fm ratio decreased, whereas EL and MDA contents increased 

under high soil temperature alone or in combination with high air temperature regimes 

in both cultivars, but to a greater extent in Penncross than in L-93. Decreases in turf 

quality and Fv/Fm ratio and increases in EL and MDA were more pronounced at 

20/35°C than at 35/20°C. The activities of SOD and CAT decreased with prolonged 

periods of high temperatures and to a greater extent for Penncross than for L-93. The 

reductions in SOD and CAT activities were more severe at 20/35 than at 35/20°C. 

These results sugge:;t that high soil temperature caused more severe oxidative damage 

to leaves than high air temperature by limiting antioxidant activities and inducing lipid 

peroxidation. This oxidative stress was associated with accelerated leaf senescence 

under high temperature conditions. Maintenance of antioxidant activities and low 

levels of lipid peroxidation was related to the better tolerance of creeping bentgrass to 

high soil temperature stress imposed on roots or high air temperature on shoots. 

(Huanget al. 2001) 

The effects of high temperature on antioxidant enzymes were investigated in 

three mulberry (Morus alba L.) cultivars (cv. K-2, MR-2 and BC2-59). High 

temperature was imposed by maintaining the plants at 40°C for 120, 240 and 360 min 

in an environmental plant growth chamber. The activities of superoxide disumutase 

(SOD), catalase (CAT), guaiacol peroxidase (POD), ascorbate peroxidase (APX) and 

glutathione reductase: (GR) were assayed in the leaf extracts of control and high 
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temperature-treated plants. Antioxidant enzyme activities were high in all the 

mulberry cultivars in response to high temperature treatment. However, cv. BC2-59 

showed significantly higher activities of all the five antioxidant enzymes in response 

to high temperature compared to those from the leaves of K-2, and MR-2 mulberry 

cultivars. The present study suggested that the cv. BC2-59 has an efficient antioxidant 

system among the three cultivars, which could prevent the oxidative damage in the 

leaves caused by high temperature stress.( Chaitanya et a/.2002) 

Panchuk et al. (2002) studied the effects of elevated growth temperatures and 

heat stress on the activity and expression of ascorbate peroxidase (APX). To find 

evidence for a cormection between heat stress response, oxidative stress, and common 

stress tolerance, they compared wild-type Arabidopsis with transgenic plants over 

expressing heat shock transcription factor 3 (HSF3), which synthesize heat shock 

proteins and are improved in basal thermotolerance. Following heat stress, APX 

activity was positively affected in transgenic plants and correlated with a new thermo 

stable isoform, APXS. This enzyme was present in addition to thermo labile cytosolic 

APXI, the prevalent isoform in unstressed cells. In HSF3-transgenic plants, APXS 

activity was detectable at normal temperature and persisted after severe heat stress at 

44 °C. In nontransgenic plants, APXS was undetectable at normal temperature, but 

could be induced by moderate heat stress. The mRNA expression profiles of known 

and three new Apx genes were determined using real-time PCR. Apxl and Apx2 genes 

encoding cytosolic APX were heat stress and HSF dependently expressed, but only 

the representations of Apx2 mRNA met the criteria that suggest identity between 

APXS and APX2: not expressed at normal temperature in wild type, strong induction 

by heat stress, and HSF3-dependent expression in transgenic plants. Their data 

suggest that Apx2 is a novel heat shock gene and that the enzymatic activity of 

APX2/APXS is required to compensate heat stress-dependent decline of APXl 

activity in the cytosol. 

Effects of high temperature on the activity of peroxidase (PRX) isozyme and 

leaf proteins were studied in strawberry (Fragaria x ananassa cv. Camarosa). 

Seedlings were grown using perlite for 3 weeks at 25110 oc day/night temperature, 

and watered daily by 1/3 strength modified Hoagland nutrient solution. Half of the 

plants were transferred to a growth chamber with a constant 25 oc for a week to 
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acclimate the plants. Temperature was increased stepwise (5 oc/48 h) to 30, 35, 40 oc 

and finally to 45 °C. In addition to acclimated plants, new plants were transferred 

from outside to the growth chamber, at each temperature step to impose a heat shock. 

In general, effects of gradual heat stress (GHS) and shock heat stress (SHS) on the 

variables studied were significant. PRX activities were high in all the samples in 

response to high temperature treatment. Conversely, total protein content was 

decreased by heat stress. GHS plants showed significantly higher activities of PRX 

enzyme in response to high temperature compared to those from the leaves of SHS 

plants. One basic PRX band (rf=0.22) was detected in all the samples with different 

intensity in polyacrylamide gel electrophoresis (PAGE). In addition, plants exposed to 

GHS leaked less electrolytes from the leaves compared with the plants exposed to 

SHS (Gulen and Eris, 2004) 

Metabolic profiling analyses were performed to determine metabolite temporal 

dynamics associated with the induction of acquired thermotolerance in response to 

heat shock and acquired freezing tolerance in response to cold shock. Low-M;. polar 

metabolite analyses were performed using gas chromatography-mass spectrometry. 

Eighty-one identified metabolites and 416 unidentified mass spectral tags, 

characterized by retention time indices and specific mass fragments, were monitored. 

Cold shock influenced metabolism far more profoundly than heat shock. The steady

state pool sizes of 143 and 311 metabolites or mass spectral tags were altered in 

response to heat and cold shock, respectively. Comparison of heat- and cold-shock 

response pattems revealed that the majority of heat-shock responses were shared with 

cold-shock responses, a previously unknown relationship. Coordinate increases in the 

pool sizes of amino acids derived from pyruvate and oxaloacetate, polyamine 

precursors, and compatible solutes were observed during both heat and cold shock. In 

addition, many of the metabolites that showed increases in response to both heat and 

cold shock in this study were previously unlinked with temperature stress. This 

investigation provides new insight into the mechanisms of plant adaptation to thermal 

stress at the metabolite level, reveals relationships between heat- and cold-shock 

responses, and highlights the roles of known signalling molecules and protectants( 

Kaplan et.al. 2004). 

Within their natural habitat, plants are subjected to a combination of abiotic 

conditions that include stresses such as drought and heat. Drought and heat stress have 
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been extensively studied; however, little is known about how their combination 

impacts plants. The response of Arabidopsis plants to a combination of drought and 

heat stress was found to be distinct from that of plants subjected to drought or heat 

stress (Rizhsky, et al. 2004). Transcriptome analysis of Arabidopsis plants subjected 

to a combination of drought and heat stress revealed a new pattern of defense response 

in plants that includes a partial combination of two multigene defense pathways (i.e. 

drought and heat stress), as well as 454 transcripts that are specifically expressed in 

plants during a combination of drought and heat stress. Metabolic profiling of plants 

subjected to drought, heat stress, or a combination of drought and heat stress revealed 

that plants subject to a combination of drought and heat stress accumulated sucrose 

and other sugars such as maltose and glucose. In contrast, Pro that accumulated in 

plants subjected to drought did not accumulate in plants during a combination of 

drought and heat stress. Heat stress was found to ameliorate the toxicity of Pro to 

cells, suggesting that during a combination of drought and heat stress sucrose replaces 

Pro in plants as the major osmoprotectant. Their results highlight the plasticity of the 

plant genome and demonstrate its ability to respond to complex environmental 

conditions that occur in the field. 

Drought and heat are two major factors limiting growth of cool season grasses. 

Rapid recovery from the combination of those stresses is important for the persistence 

of perennial turf grasses. A study was designed to examine physiological factors 

associated with the persistence and recovery of Kentucky bluegrass (Poa pratensis L.) 

exposed to combined drought and heat stress following rewatering and/or temperature 

drop. Two cultivars differing in drought and heat tolerance, 'Midnight' (tolerant) and 

'Brilliant' (sensitive), were exposed to drought and heat stress (35°C) simultaneously 

in a growth chamber until most plants became brown and completely desiccated ( 14 

d). Plants were then subjected to three recovery treatments: (i) rewatered but exposed 

to heat stress (rewatering); (ii) returned to optimum temperature (20°C) but unwatered 

(cooling), and (iii) rewatering and cooling. Leaf photochemical efficiency (Fv/Fm), 

chlorophyll content, and activities of superoxide dismutase (SOD) and catalase (CAT) 

declined, while electrolyte leakage (EL) and lipid peroxidation increased rapidly 

during the combined stress. The adverse impact of the combined stress was more 

severe for Brilliant than for Midnight. Following rewatering or in combination with 

cooling, all parameters except chlorophyll content fully recovered for Midnight. 

However, for Brilliant, most of the parameters did not recover completely; Fv/Fm 
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recovered partially. There was no recovery for any parameters of either cultivar when 

plants were returned to the optimum temperature but still unwatered. The results 

suggested that simultaneous drought and heat stress could cause permanent 

physiological damage for Kentucky bluegrass, particularly for the stress-sensitive 

cultivar. Rewatering was essential for physiological recovery from the combined 

stress, regardless of temperature conditions. Rapid resumption of Fv/Fm, cell 

membrane stability, and antioxidant activities were important factors contributing to 

the recovery of Kentucky bluegrass. (Wang and Huang ,2004) 

Almeselmani et al. (2006) conducted an experiment to study the effect of high 

temperature stress on the antioxidant enzyme activity in five wheat genotypes viz., 

PBW 343, PBW 175, HDR-77, HD 2815 and HD 2865. There was significant 

increase in the activity of superoxide dismutase (SOD), ascorbate peroxidase (APX) 

and catalase (CAT) in the late and very late planting and at all stages of plant growth, 

i.e., vegetative, anthesis and 15 days after anthesis (DAA), however glutathione 

reductase (GR) and peroxidase (POX) activity decreased under late and very late 

plantings compared to normal planting. In general HD 2815, HDR-77 showed 

relatively higher SOD, APX, GR, CAT and POX activity in the late plantings 

compared to PBW 343, PBW 175 and HD 2865. Significant reduction in chlorophyll 

content and increase in membrane injury index were observed in all genotypes with 

age, and also under late and very late sowings at all the stages of plant growth. 

However HD 2815 and HDR-77, which showed highest activity of various 

antioxidant enzymes under late and very late sowing also showed minimum reduction 

in chlorophyll content and lower membrane injury index, indicating the amelioration 

of high temperature stress induced oxidative stress by antioxidant enzymes. Various 

antioxidant enzymes showed positive correlation (r) with chlorophyll content and 

negative with membrane injury index at most of the stages in the five wheat 

genotypes. 

Minimizing the exposure of an annual crop to abiotic stresses may increase 

seed yield. A study was conducted to detennine the effect of high temperature stress 

during reproductive development on pod fertility, seed set, and seed yield of chickpea 

(Cicer arietinum L). 'Myles' desi and 'Xena' kabuli chickpea were grown in a 

controlled environment under 20/16°C day/night air temperatures (control). High 

(35/16°C) and moderate (28/16°C) temperature stresses were imposed for 10 d during 
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early flowering ar1d pod development. Compared to the control, the early flower high 

temperature stress decreased (P < 0.01) pod production by 34% for Myles and 22% 

for Xena, whereas high temperature stress during pod development decreased (P < 

0.05) seeds per plant by 33% for Myles and 39% for Xena. Consequently, the high 

temperature stress during pod development decreased (P < 0.01) seed yield by 59% 

for Myles and 53% for Xena. Yield reduction was greater due to the stress during pod 

development compared to the stress during early flowering. Plants recovered to a 

greater degree from the early flower stress compared to the pod development stress. 

The Myles desi produced 40 seeds per plant and the Xena kabuli produced 15 seeds 

per plant, whereas the Myles had smaller individual seed size than the Xena. 

Consequently, the Myles desi produced 26% greater seed yield than the Xena kabuli 

under the same conditions. Minimizing the exposure of chickpea to high temperature 

stress during pod development will increase pod fertility, seed set, and seed yield of 

the crop (Wang et al. 2006). 

Xu and Zhou(2006) determined the photosynthetic gas exchange, chlorophyll 

fluorescence, nitrogen level, and lipid peroxidation of the leaves of a perennial grass 

(Leymus chinensis (Trin.) Tzvel.) Subjected to three constant temperatures (23, 29 and 

32°C), and five soil-moisture levels (75-80%, 60- 65%, 50-55%, 35-40% and 25-

30% of Weld capacity, respectively). High temperature significantly decreased plant 

biomass, leaf green area, leaf water potential, photosynthetic rate (A), maximal 

efficiency of PSII photochemistry (Fv/Fm), actual PSII efficiency (_PSII), the 

activities of nitrate reductase (NR; EC 1.6.6.1) and glutamine synthetase (GS; EC 

6.3.1.2), but markedly increased the ratio of leaf area to leaf weight (SLA), 

endopeptidase (EP; EC 3 .4.24.11) activity, and malondialdehyde (MDA) content, 

especially under severe water stress conditions. The A and Fv/ Fm were significantly 

and positively correlated with leaf-soluble protein content, and the activities of NR 

and GS. However, both photosynthesis parameters were significantly and negatively 

correlated with EP activity and MDA content (P < 0.05). It is suggested that high 

temperature, combined with severe soil drought, might reduce the function of PSII, 

weaken nitrogen anabolism, strengthen protein catabolism, and provoke lipid 

peroxidation. The results also indicate that severe water stress might exacerbate the 

adverse effects of high temperature, and their combination might reduce the plant 

productivity and distribution range of L. chinensis in the future. 
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Plant and animals share similar mechanisms in the heat shock (HS) responses, 

such as synthesis of the conserved HS proteins (HSPS). However, because plants are 

confined to a growing environment, in general they require unique features to cope 

with heat stress. Charng et al (2006), analyzed the function of a novel HSP heat stress 

associated 32KD protein (HSa32) , which is highly conserved inland plants but absent 

in most other organisms. The gene responds to HS at the transcriptional level in moss 

(Physcomitrella patens), Arabidopsis ( A. thaliana), and rice (Oriza sativa) . Like 

other HSPs, Has 32 protein accumulates greatly in Arabidopsis seedlings after HS 

treatment. Disruption of Has 32 by T- DNA insertion does not affect growth and 

development under normal conditions. However , the acquired thermotolerance in the 

knockout line was compromised following a long recovery period (>24hrs) after 

acclimation HS treatment , when a server HS challenge killed the mutant but not the 

wild type plants, but no significant difference was observed if they were challenged 

within a short recovery period. Quantitative hypocotyls elongation assay also revealed 

that thermotolerance decayed faster in the absence of Has 32 after a long revovery. 

Similar results were obtained in transgenic plants with Has expression suppressed by 

RNA interference. Micro array analysis of the knockout mutant indicates that only the 

expression of Has 32 was significantly altered in HS responses. Taken together the 

result suggests that Has 32 is required not for induction but rather maintenance of 

acquired thermotolerance, a feature that could be important to plants. 

The response of understory species to elevated temperatures is not well 

understood but is important because these plants are highly sensitive to their growth 

conditions. Three-year-old plants of Panax quinquefolius, an understory herb 

endemic to the eastern deciduous forests of North America, were grown m a 

greenhouse at 25/208C (day/night) or 30/258C for one growing season and analyzed 

each month. Plants grown at high temperatures had an early onset of leaf senescence 

and therefore accumulated less carbon. From May to July, P. quinquefolius grown at 

high temperatures had decreased photosynthesis (52%), stomata conductance (60%), 

and root and total biomass (33% and 28%, respectively) compared to plants grown at 

low temperatures. As P. quinquefolius prepared to overwinter, plants grown at high 

temperatures had less root biomass (53%) than plants in low temperatures. The 

amount of storage-root ginsenosides was unaffected by temperature, and differences 

in storage root size may explain why plants grown at high temperatures had greater 

concentrations of storage root ginsenosides (49%) than plants grown at low 
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temperatures. Panax quinquefolius is clearly sensitive to a 58° C increase in 

temperature, and therefore other understory species may be negatively impacted by 

future increases in global temperature. (Jochum et a/.2007) 

The heat stress - induced dehydrin proteins ( D HN s) expressiOn and 

relationship with the water relations of sugarcane ( Saccharum officcinarum L.) leaves 

were studied. Sugarcane seedlings were subjected to heat stress ( day/ night 

temperature of 40/ 35°C) under relative humidity 60/65% to avoid aerial desiccation 

and determinations made at 4, 12, 24, 36, 48 ,60 and 72 h. The leaves showed a sharp 

decline in the water and osmotic potentials, and relative water content during first 12h 

of heat stress but a regain in their values in 24h. The pressure potential (¥p) decreased 

initially but increased later and approached control leaves. The increase in ¥p was 

tightly correlated t the accumulation of free proline, Glycinebetaine and soluble 

sugars, indicating their possible involvement in the osmotic adjustment under heat 

stress. Immunological detection revealed the expression of three DHNs with an 

apparent molecular mass of 21,23 and 27 kDa under heat stress( 48to 72h) and their 

expression was independent of the changes in the water relations of leaves. (Wahid 

and Close, 2007). 

Adebooye et al(. 2008) investigated the influence of root zone temperature 

(RZT) and the aerial application of paraquat on stress defence mechanisms of 

Trichosanthes cucumerina L. To achieve this objective, T cucumerina cv Green was 

grown with roots at 25 and 30°C root zone temperature and maintained at 20 ± 1 °C air 

temperature in a growth chamber. These RZT and air temperature had earlier been 

shown to favor growth and fruit production in T. cucumerina. Plants at each RZT 

were subjected to paraquat treatment (+P) and without paraquat treatment (-P). 

Paraquat (0.2 mmol/L) was applied as aerial spray. Results showed that the individual 

main effects of RZT and parquet treatments significantly affected he chlorophyll 

fluorescence and gas exchange parameters, while the interaction of both reatments 

had no significant effect. Results showed that the total phenolics and ascorbic acid 

contents of T. cucumerina at 30°C were significantly higher than at 25°C. The T 

cucumerina plants in +P treatment recorded significantly lower maximum 

photochemical efficiency (Fv/Fm), net photosynthesis (A), transpiration rate (E), 

intercellular C02 oncentration (Ci) and stomatal conductance (g 1) compared to 

untreated plants. Also, plants raised at 30°C recorded significantly higher Fv/Fm, A, 



E, Ci and gl compared to plants raised at 25°C. Plants that were sampled at 48 h after 

paraquat treatment recorded a higher degree of oxidative damage compared to those 

sampled at 24 h after treatment. They showed that the degree of damage suffered by 

T. cucumerina, when treated with paraquat either at 25 °C or RZT was similar at 48 h 

after treatment. Either at 25 or 30°C, exposure ofT. cucumerina to paraquat would 

impose the same degree of oxidative damage. 

Abiotic stresses, such as high temperature, and salt stress are major factors 

which reduce crop productivity. Effects of high temperature (46-48° C) and salt stress 

(0.4 M) on French bean (Phaseolus vulgaris), a major vegetable crop, were evaluated 

in terms of antioxidants and antioxidant enzymes in S-9 cultivar. Both stresses caused 

similar responses in the plant. Oxidative stress indicators such as H202, TBARS, 

glutathione, ascorbic acid, and proline were significantly elevated. Similarly, 

antioxidant enzyme, guaiacol-specific peroxidase (POX) was significantly elevated. 

Other enzymes, P-amylase and acid phosphatase (AP) activities were marginally 

enhanced. However, stresses had contrasting effects on glutathione reductase (GR) 

and catalase (CAT), which were drastically reduced in temperature stress, and 

elevated in salt stress. No variations were observed in AP, POX, and CAT isozymes. 

Patterns of GR and P-amylase isozyrnes differed between temperature and salt stress. 

SDS-PAGE indicated entirely different sets of proteins in temperature and salt 

stressed seedlings. Growth rate and fresh mass were affected to same extent, relative 

to their respective controls. DNA damage was more pronounced under temperature 

stress than under salt stress. Response mechanism of French bean appears to involve 

some players which are common to both the stresses, and few specific to individual 

stress (Nagesh and Devaraj, 2008). 

Wheat crop was exposed to continual heat stress throughout the crop growth 

period or terminal heat stress, i.e. during grain growth period. Characterization of 

genotypes in both continual and terminal heat stress environments is necessary to 

identify the sources of heat tolerance for these environments. Hence in this study, 20 

genotypes of T aestivum (hexaploid, BBAADD genome) and 16 genotypes of T. 

durum (teraploid, BBAA genome) were evaluated for terminal and continual heat 

stress tolerance at Delhi and Madhya Pradesh (MP), India, respectively. Normal and 

late sowing were done at both the locations to assess the genotypes under normal and 

heat stress environments, respectively. The late sown crop of Delhi experienced 
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higher temperatures during grain development, while in MP environments, the crop 

experienced moderately higher temperatures during normal sowing and extremely 

higher temperatures during late sown conditions throughout the crop growth period. 

Wide variation for continual or terminal heat tolerance for yield and yield components 

was found between T aestivum and T durum genotypes. Heat tolerance of genotypes 

varied in continual or terminal heat stress environment. T aestivum genotypes such as 

LOKI, HUW 234, Raj 3777, C306, NI5439, NP846 and Kalyansona and T durum 

genotype DHT15 showed heat tolerance in both terminal and continual heat stress 

environments. Under both heat stress environments, high biomass production and 

grains m·2apppear to be the two important traits for achieving heat tolerance in yield. 

The reduction in grain number at continual heat stress environments was due to 

persistently higher temperature during pre-heading and post - heading period, while 

in terminal heat stress environment the reduction in grain number was due to sudden 

increase in temperature during grain growth period. Photothemal quotient correlated 

positively and significantly with both grain yield and grains per unit area under both 

continual and temlinal heat stress environments. Reduction in grain number under 

continual but moderate heat stress environment acts as a compensation mechanism to 

maintain grain weight in wheat genotypes. T aestivum genotypes Kin dan and LokI 

and T. durum genotypes III8498 and DHT15 maintained grain weight of>45g 1000 

grains·1 under heat stress environments. This study shows that wheat cultivars differ 

in their heat tolerance depending upon the nature of heat stress, i.e. continual of 

terminal heat stress. (Patil eta!. 2008) 

An experiment was conducted with three wheat genotypes differing in their 

sensitivity to moisture and/or temperature stress to study the relationship of the 

chloroplast antioxidant system to stress tolerance. Both moisture stress and 

temperature stress increased glutathione reductase and peroxidase and decreased 

membrane stability, chlorophyll content and chlorophyll stability index in all 

genotypes. Under moisture stress. DL 153-2 showed the highest membrane stability 

index, chlorophyll content, chlorophyll stability index, glutathione reductase activity 

and peroxidase activity. However, under elevated temperature conditions, HD 2285, 

and to a lesser extent DL 153-2, showed higher membrane stability, chlorophyll 

content and chlorophyll stability index and activities of glutathione reductase and 

peroxidase. Raj 3077, which is sensitive to both drought and temperature stress, 

showed the lowest membrane stability, chlorophyll content and chlorophyll stability 



index and glutathione reductase and peroxidase activity under elevated temperature as 

well as drought conditions. Thus, authors concluded that tolerance of the genotype to 

moisture and/or temperature stress is closely associated with its antioxidant enzyme 

system. (Sairam ,2008). 

Two wheat genotypes, C 306 (tolerant) and PBW 343 (susceptible to 

temperature stress) were grown in growth chambers in the phytotron facility of IARI, 

New Delhi. The plants were maintained at 18/23°C (control) and 25/35°C 

(temperature stress) night/day temperatures after maximum tillering. Water potential 

was significantly reduced at anthesis, and at 7 and 15 days after anthesis in both 

genotypes in the heat stress treatment, and a greater reduction was recorded in PBW 

343. The membrane stability index was also lower in the heat stress treatment in both 

genotypes at the vegetative stage, at anthesis andat 15 days after anthesis, and a 

greater reduction was observed in PBW 343 than in C 306. The hydrogen peroxide 

content increased as the plants advanced in age, and higher hydrogen peroxide content 

was recorded in PBW 343 than inC 306 at different stages of growth in the heat stress 

treatment. The superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase 

(CAT), glutathione reductase (GR) and peroxidase (POX) activities increased 

significantly at all stages of growth in C 306 in response to heat stress treatment, 

while PBW 343 showed a significant reduction in catalase, glutathione reductase and 

peroxidase activities in the high temperature treatment. Northern blot showed a 

significant increase in the APX-mRNA level under heat stress at the vegetative and 

anthesis stages, and the expression was greater in C 306. From the results it is 

apparent that the antioxidant defence mechanism plays an important role in the heat 

stress tolerance of wheat genotypes. (Almeselmani et al. ,2009) 

Even though high temperatures significantly reduced both vegetative growth 

and yield in cotton, very little is known about the effects of heat stress on cotton 

antioxidant system. Thus, the effects of gradual heat stress on cotton growth in 

controlled conditions were investigated in the present study. At squaring stage, cotton 

plants were subjected to two different temperatures, 38 and 45 oc t determine the 

influence of heat stress on the plants. The results of the present study showed that heat 

stress did not significantly altered the levels of malondialdehyde (MDA) and 

hydrogen peroxide (H202) in the leaves , whereas there was a remarkable decline in 

proline quantity of the leaves of plants subjected to 45°C heat stress. AS for the 



36 

amount of total chlorophyll content, a slight increase at plants treated with 38oc 

temperature was observed. Furthermore, the activities of some enzymes such as 

superoxide dismutase (SOD) , which were associated with heat stress response in 

other plants was also investigated. For example , there was decline in the activity of 

SOD in the plants exposed to high temperatures . On the contrary, catalase (CAT) 

activity increased at 45°C ; peroxidase (POX) activity increased at 38°C and 

ascorbate peroxidase (APX) activity increased at 38°C and 45°C. The results from 

this study suggest a potential role for CAT, POX and APX in the reduction of 

elevated levels of 1-h02 in cotton plants grown under heat stress condition. To sum up, 

it could be concluded that, diurnal gradual heat stress caused a low oxidative injury in 

cotton.( Gur et al. 201 0) 

Chemical Pre-treatments for Stress Amelioration 

Dat eta/. (1998) investigated changes in endogenous SA and antioxidants in relation 

to induced thermotolerance in Sinapis alba L. Thirty minutes into a 1-h heat

acclimation treatment glucosylated SA had increased 5.5-fold and then declined 

during the next 6 h. Increases in free SA were smaller (2-fold) but significant. 

Changes in antioxidants showed the following similarities after either heat

acclimation or SA treatment. The reduced-to-oxidized ascorbate ratio was 5-fold 

lower than the controls 1 h after treatment but recovered by 2 h. The glutathione pool 

became slightly more oxidized from 2 h after treatment. Glutathione reductase activity 

was more than 50% higher during the first 2 h. Activities of dehydroascorbate 

reductase and monodehydro ascorbate reductase decreased by at least 25% during the 

first 2 h but was 20% to 60% higher than the control levels after 3 to 6 h. One hour 

after heat acclimation ascorbate peroxidase activity was increased by 30%. Young 

leaves appeared to be better protected by antioxidant enzymes following heat 

acclimation than the cotyledons or stem. Changes in endogenous SA and antioxidants 

may be involved in heat acclimation. 

The addition of 0.5 mM salicylic acid (SA) to the hydroponic growth solution 

of young maize (Zea mays L.) plants under normal growth conditions provided 

protection against subsequent low-temperature stress. This observation was confirmed 

by chlorophyll fluorescence parameters and electrolyte leakage measurements. In 

addition, 1 d of 0.5 mM SA pre-treatment decreased net photosynthesis, stomatal 

conductivity and transpiration at the growth temperature (22/20 °C). Since there was 
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only a slight decrease in the ratio of variable to maximal fluorescence (Fv/Fm) the 

decrease in photosynthetic activity is not due to a depression in photosystem II. The 

analysis of antioxidant enzymes showed that whereas SA treatment did not cause any 

change in ascorbate peroxidase (EC 1.11.1.11) and superoxide dismutase (EC 

1.15.1.1) activities, there was a decrease in catalase (EC 1.11.1.6) activity, and an 

increase in guaiacol peroxidase (EC 1.11.1. 7) and glutathione reductase (EC 1.6.4.2) 

activities after the 1- d SA treatment at 22/20 °C. In native polyacrylamide gels there 

was, among the peroxidase isoenzymes, a band which could be seen only in SA

treated plants. It is suggested that the pre-treatment of maize plants with SA at normal 

growth temperature may induce antioxidant enzymes which lead to increased chilling 

tolerance.(Janda et al. 1999) 

A study was designed to examine whether external Ca2+ treatment would 

improve heat tolerance in two C3, cool-season grass species- tall fescue (Festuca 

arundinacea L.) and Kentucky bluegrass (Poa pratensis L.) and to determine the 

physiology mechanisms of Ca2+ effects on grass tolerance to heat stress. Grasses were 

treated with CaCh (1 0 mM) or H20 by foliar application and then exposed to heat 

stress (35/30°C) in growth chambers. Some of the Ca2+ untreated plants were 

maintained at 20/15° C as the temperature control. Heat stress reduced grass quality, 

relative water content (RWC), and chlorophyll (Chi) content of leaves in both species, 

but Ca2+ treatment increased all three factors under heat stress. The Ca2+ concentration 

in cell saps increase with heat stress and with external Ca2+ treatment in both species. 

Osmotic potential increased with heat stress, but external Ca2+ treatment had no 

effect. Osmotic adjustment increased during short -term heat stress, but then 

decreased with a prolonged period of stress, it was not influenced by Ca2+treatment. 

The activity of superoxide dismutase (SOD) in both species increased transiently at 

12d of heat stress and then remained at a level similar to that of the control. External 

Ca2+ treatment had no effect on SOD activity. The activities of catalase (CAT), 

ascrobate peroxide (AP), and glutathione reductase(GR) of both species decreased 

during heat stress. Plants treated with Ca2+ under heat stress had higher CAT, GRand 

AP activities than untreated plants. Lesser amounts of malonialdehyde (MDA) 

accumulated in Ca2+ treated plants than in untreated plants during extended periods of 

heat stress. The results suggested that exogenous Ca2+ treatment enhanced heat 

tolerance in both tall fescue and Kentuncky bluegrass. This enhancement was related 

to the maintenance of antioxidant activities and a decrease in membrane lipid 
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peroxidation, but not to the regulation of osmotic potential and osmotic adjustment 

(Jiang and Huang a/2000). 

The hypothesis that physiologically active concentrations of salicylic acid 

(SA) and its derivatives can confer stress tolerance in plants was evaluated using bean 

(Phaseolus vulgaris L.) and tomato (Lycopersicon esculentum L.). Plants grown from 

seeds imbibed in aqueous solutions (0.1-0.5 mM) of salicylic acid or acetyl salicylic 

acid (ASA) displayed enhanced tolerance to heat, chilling and drought stresses. 

Seedlings acquired similar stress tolerance when SA or ASA treatments were applied 

as soil drenches. The fact that seed imbibition with SA or ASA confers stress 

tolerance in plants is more consistent with a signaling role of these molecules, leading 

to the expression of tolerance rather than a direct effect. Induction of multiple stress 

tolerance in plants by exogenous application of SA and its derivatives may have a 

significant practical application in agriculture, horticulture and forestry (Seneratna et 

al. 2000) 

Borsani et al. (200 1) studied the responses of wild-type Arabidopsis and an 

SA-deficient transgenic line expressing a salicylate hydroxylase (NahG) gene to 

different abiotic stress conditions. Wild-type plants germinated under moderate light 

conditions in media supplemented with 100 mM NaCl or 270 mM mannitol but 

showed extensive necrosis in the shoot. In contrast, NahG plants germinated under the 

same conditions remained green and developed true leaves. The lack of necrosis 

observed in NahG seedlings under the same conditions suggested that SA potentiates 

the generation of reactive oxygen species in photosynthetic tissues during salt and 

osmotic stresses. This hypothesis is supported by the following observations. First, the 

herbicide methyl viologen, a generator of superoxide radical during photosynthesis, 

produced a necrotic phenotype only in wild-type plants. Second, the presence of 

reactive oxyge:n-scavenging compounds in the germination media reversed the wild

type necrotic phenotype seen under salt and osmotic stress. Third, a greater increase in 

the oxidized state of the glutathione pool under NaCl stress was observed in wild-type 

seedlings compared with NahG seedlings. Fourth, greater oxidative damage occurred 

in wild-type seedlings compared with NahG seedlings under NaCl stress as measured 

by lipid peroxidation. Their data support a model for SA potentiating the stress 

response of the germinating Arabidopsis seedling. 
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Roles of abscisic acid (ABA) in water stress-induced oxidative stress was 

investigated in leaves of maize ( Zea mays L.) seedlings exposed to water stress 

induced by polyethylene glycol (PEG 6000) by Jiang and Zhang (2002). Treatment 

with PEG at -0.7 MPa for 12 and 24 h led to a reduction in leaf relative water content 

(RWC) by 7.8 and 14.1 %, respectively. Duration of the osmotic treatments is 

considered as mild and moderate water stress. The mild water stress caused 

significant increases in the generation of superoxide radical ( 0 2 - ) and hydrogen 

peroxide (H 2 0 2 ), the activities of superoxide dismutase (SOD), catalase (CAT), 

ascorbate peroxidase (APX) and glutathione reductase (GR) and the contents of 

ascorbate (ASC), reduced glutathione (GSH). The moderate water stress failed to 

further enhance the capacity of antioxidant defense systems, as compared to the mild 

water stress. The contents of catalytic Fe, which is critical for H 2 0 2 -dependent 

hydroxyl radical ( •OH) production, and the oxidized forms of ascorbate and 

glutathione pools, dehydroascorbate (DHA) and oxidized glutathione (GSSG), 

markedly increased, a significant oxidative damage to lipids and proteins took place 

under the moderate water stress. Pretreatment with ABA caused an obvious reduction 

in the content of catalytic Fe and significant increases in the activities of antioxidant 

enzymes and the contents of non-enzymatic antioxidants, and then significantly 

reduced the contents of DHA and GSSG and the degrees of oxidative damage in 

leaves exposed to the moderate water stress. Pretreatment with an ABA biosynthesis 

inhibitor, tungstate, significantly suppressed the accumulation of ABA induced by 

water stress, reduced the enhancement in the capacity of antioxidant defense systems, 

and resulted in an increase in catalytic Fe, DHA and GSSG, and oxidative damage in 

the water-stressed leaves. These effects were completely prevented by addition of 

ABA, which raised the internal ABA content. Their data indicate that ABA plays an 

important role in water stress-induced antioxidant defense against oxidative stress. 

Plants, in common with all organisms, have evolved mechanisms to cope with 

the problems caused by high temperatures. Larkindale and Knight (2002) examined 

specifically the involvement of calcium, abscisic acid (ABA), ethylene, and salicylic 

acid (SA) in the protection against heat-induced oxidative damage in Arabidopsis. 

Heat caused increased thiobarbituric acid reactive substance levels (an indicator of 

oxidative damage to membranes) and reduced survival. Both effects required light and 

were reduced in plants that had acquired thermotolerance through a mild heat pre

treatment. Calcium channel blockers and calmodulin inhibitors increased these effects 
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of heating and added calcium reversed them, implying that protection against heat

induced oxidative damage in Arabidopsis requires calcium and calmodulin. Similar to 

calcium, SA, 1-·aminocyclopropane-1-carboxylic acid (a precursor to ethylene), and 

ABA added to plants protected them from heat-induced oxidative damage. In addition, 

the ethylene-insensitive mutant etr-1, the AHA-insensitive mutant abi-1, and a 

transgenic line expressing nahG (consequently inhibited in SA production) showed 

increased susceptibility to heat. These data suggest that protection against heat

induced oxidative damage in Arabidopsis also involves ethylene, ABA, and SA. Real 

time measurements of cytosolic calcium levels during heating in Arabidopsis detected 

no increases in response to heat per se, but showed transient elevations in response to 

recovery from heating. The magnitude of these calcium peaks was greater m 

thermotolerant plants, implying that these calcium signals might play a role m 

mediating the etTects of acquired thermotolerance. Calcium channel blockers and 

calmodulin inhibitors added solely during the recovery phase suggest that this role for 

calcium is in protecting against oxidative damage specifically during/after recovery. 

Sakhabutdinova et a/. (2003) investigated the effect of salicylic acid (SA) on 

plant resistance to environmental stress factors. Treatment of \vheat plants \Vitb 

0.05mM SA increased the level of cell division within the apical meristem of seedling 

roots which caused an increase in plant growth. Phytohormones are known to play a 

key role in plant growth regulation. It was found that the SA treatment caused 

accumulation of both ABA and IAA in wheat seedlings. However. the SA treatment 

did not influence cytokinin content. According to the authors, the protective and 

growth promoting effects of SA are due to the phenomenon described above. The SA 

treatment reduced the damaging action of salinity and water deficit on seedling 

grow1h and accelerated a restoration of growth processes. Treatment with SA 

essentially diminished the alteration of phytohonnones levels in wheat seedlings 

under salinity and water deficit. The SA treatment prevented the decrease in IAA and 

cytokinin content c:ompletely which reduced stress-induced inhibition of plant growth. 

Also, high ABA levels were maintained in SA treated wheat seedlings \vhich 

provided the development of antistress reactions, for example, maintenance of proline 

accumulation. Thus protective SA action includes the development of antistress 

programs and accekration of normalization of growth processes after removal stress 

factors. 
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Efficacy of heat acclimation and salicylic acid (SA) treatment in induction of 

thermotolerance was tested in six different genotypes of Cicer arietinum L. 

Remarkable reduction in relative injury of membrane was observed in plants treated 

with SA in comparison to heat - acclimatized and untreated control seedlings 

subjected to lethal temperature treatment .Both treatment resulted in increased in 

protein and proline content over control seedlings, which was more significant in SA 

pre- treatments, with the maximum increase being recorded in ICC 4918 and 1852. 

Both treatments led to the induction of peroxidase (POX), ascorbate peroxidase 

(APOX) and catalase (CAT) activities. Activities of POX and APOX increased 

remarkably , while CAT showed a reduction in activity.( Chakraborty and Tongden, 

2005) 

A study was conducted by Ervin et al. (2005) to investigate the influence of 

pre-harvest foliar application of SA on transplant injury and root strength of tall 

fescue (TF; Festuca arundinacea Schreb.) and Kentucky bluegrass (KBG; Poa 

pratensis L.) Sod following supraoptimal heating .SA was applied at 0.5Kg ha-1 to the 

turfgrass 1 Odays before harvest and canopy photochemical efficiency was measured 

lday before harvest. Harvested and rolled sod was subjected to high temperature 

stress( 38-40°C for 72-96hrs), transplanted into the field, and injury and root strength 

were determined. Application of Sa enhanced the pre-harvest canopy photochemical 

efficiency of KBG and TF sod in both years. Averaged over years and heat duration 

SA increased canopy photochemical efficiency by 12% for KBG and 14% for TF .SA 

reduced visual injury and enhanced post harvest root strength in both years. Averaged 

over years and heat duration SA increased transplant root strength by 26% for KBG 

and 9% for TF.. These data suggest that pre harvest foliar SA application may improve 

shelf life and transplant success of supraoptimally heated cool- season sod. 

Effects of Ca2
+ ions on the intensity of lipid peroxidation, activities of 

guaiacol peroxidase, superoxide dismutase (SOD), and catalase, as well as on heat 

resistance of winter wheat ( Triticum aestivium L.) coleoptiles were examined. 

A preliminary incubation of coleoptiles segments in a 5 mM CaCb solution was 

shown to improve their survival rates after an injuring heat treatment (43.5°C). The 

effect of Ca2+ was suppressed by the inhibitor of Ca2+channels (I mM LaCh). An 

incubation of coleoptiles in the presence of 5 mM CaC12prior to the stress treatment 

elevated the content of lipid peroxidation product, malondialdehyde (MDA) and 
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stimulated the activities of guaiacol peroxidase, SOD, and catalase. After the heat 

exposure of untreated and Ca2
+ -treated seedlings, differential changes in MDA 

content and in activities of guaiacol peroxidase, SOD, and catalase were observed. It 

is concluded that a short-term oxidative stress arising in Ca2+ -enriched plant tissues 

after the heat treatment is unrelated to their irreversible damage (Kolupaev et al. 2005) 

He et al. (2005) reported that application of salicylic acid (SA) to the shoots 

and soil could improve heat tolerance of Kentucky bluegrass, and investigated 

whether SA-induced heat tolerance is related to changes in antioxidant activities. 

Effects of SA at different concentrations (0, 0.1, 0.25, 0.5, 1, and 1.5 mmol) on heat 

tolerance were examined in Kentucky bluegrass exposed to 46°C for 72 h in a growth 

chamber. Influences of SA on the production of active oxygen species (AOS), 

superoxide anion (02 -), and hydrogen peroxide (H202), and activities of antioxidant 

enzymes, superoxide dismutase (SOD), and catalase (CAT), were examined. Among 

SA concentrations, 0.25 mmol was most effective in enhancing heat tolerance in 

Kentucky bluegrass, which was manifested by improved re- growth potential 

following heat stress of 72 h and maintenance of leaf water content at 77% during the 

12-h stress period similar to that under normal temperature conditions. The 0 2 -, 

generating rate increased significantly at 6 h of heat stress, and SOD activity 

increased significantly at 2 h but decreased to the control level at 6 h of heat stress in 

SA-untreated plants. The SA application suppressed the increase of 0 2 generating 

rate and enhanced SOD activity significantly at 2 and 6 h of heat stress, respectively. 

The SA application decreased H202 level significantly at 2 and 12 h of heat stress, 

and increased CAT activity significantly within 12 h of heat stress. The results 

suggest that SA application enhanced heat tolerance in Kentucky bluegrass and SA 

could be involved in the scavenging of AOS by increasing SOD and CAT activities 

under heat stress. 

The effect of ABA on Stylosanthes guianensis (Aublet) Sw. and its relation to 

antioxidant systems under chilling stress was studied by Zhou et al. (2005). 

Stylosanthes guianesis seedlings were sprayed with 1 Omg L-1 ABA or water one day 

later, the plants were transferred to a lOOC growth chamber and grown for 7 days with 

a 12h photoperiod at 160j.tmol m-Js-1 photosynthetic photon flux density. The chilling 

treated plants were then re-warmed to 28°C for 2days. During the 9 days treatment, a 

series of enzyme activities, related water content (RWC) and electrolytic leakage were 
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measured on samples leaflets. The results showed that chilling increased electrolyte 

leakage of both water and ABA treated plants, while R WC decreased under chilling 

conditions ABA treated plants. Activities of ascorbate peroxidase (APX) and catalase 

(CAT) and contents of reduced glutathione (GSH) and ascorbic acid (ASA) were 

transiently enhanced by ABA treatment before the plants were subjected to chilling 

ABA treated S. guianensis retained higher levels of superoxide dismutase (SOD) 

APX; GSH and ASA than water treated ones under chilling conditions. The results 

suggest that ABA increased chilling resistance inS guianensis is partially associated 

with enhanced scavenging systems. 

It is now widely accepted that salicylic acid (SA) signaling is mediated by 

reactive oxygen species (ROS) production. Faravardeh and Rabbani (2006), studied 

the etlect of SA on peroxidase activity and superoxide an ion production in potato leaf 

cell suspension. The results showed that potato cells are in sensitive to low 

concentrations of exogenous SA (< 1 mM) and the effect is observed at 1-5 mM SA. 

The cells exposed to SA exhibit higher peroxidase activity and show different 

peroxidase pattem when analyzed on native gels compared to the control. Superoxicle 

an ion production was enhanced after two hours oftreatment and 2.5 mM SA gives the 

highest value. The results suggest peroxidase-mediated detoxification of ROS elicited 

by SA 

Thermotolerance and related antioxidant enzyme activities induced by both 

heat acclimation and exogenous salicylic acid (SA) application were studied in 

grapevine (Vitis vinifera L. cv. Jingxiu) by Wang and Li( 2006) . Heat acclimation 

and exogenous SA application induced comparable changes in thermotolerance, 

ascorbic acid (AsA), glutathione (GSH), and hydrogen peroxide (H202) 

concentrations, and in activities of the antioxidant enzymes superoxide dismutase 

(SOD), peroxidase (POD), glutathione reductase (GR), ascorbic peroxidase (APX) 

and catalase (CAT) in grape leaves. Within 1 h at 38°C, free SA concentration in 

leaves rose from 3.1 Jlg g-1 FW to 19.1 Jlg g-1 FW, then sharply declined. SA 

application and heat acclimation induced thermotolerance were related to changes of 

antioxidant enzyme activities and antioxidant concentration, indicating a role for 

endogenous SA in heat acclimation in grape leaves. 

Exogenous salicylic acid has been shown to confer tolerance against biotic and 

abiotic stresses. In the present work the ability of its analogue, 4-hydroxybenzoic acid 
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to increase abiotic stress tolerance was demonstrated: it improved the drought 

tolerance of the winter wheat (Triticum aestivum L.) cv. Cheyenne and the freezing 

tolerance of the spring wheat cv. Chinese Spring. Salicylic acid, however, reduced the 

freezing tolerance of Cheyenne and the drought tolerance of Chinese Spring, in spite 

of an increase in the guaiacol peroxidase and ascorbate peroxidase activity. The 

induction of cross tolerance between drought and freezing stress was observed: 

drought acclimation increased the freezing tolerance of Cheyenne plants and cold 

acclimation enhanced the drought tolerance. The induction of drought tolerance in 

Cheyenne was correlated with an increase in catalase activity (Horvath et a/.,2007). 

Chilling tolerance of salicylic acid (SA) in banana seedlings (Musa acuminata 

cv., Williams 8818) was investigated by changes in ultra structure in this study. 

Pretreatment with 0.5 mmol/L SA under normal growth conditions (30/22 °C) by 

foliar spray and root irrigation resulted in many changes in ultrastructure of banana 

cells, such as cells separation from palisade parenchymas, the appearance of crevices 

in cell walls, the swelling of grana and stromal thylakoids, and a reduction in the 

number of starch granules. These results implied that SA treatment at 30/22 oc could 

be a type of stress. During 3 d of exposure to 7 °C chilling stress under low light, 

however, cell ultrastructure of SA-pretreated banana seedlings showed less 

deterioration than those of control seedlings (distilled water-pre-treated). From the 

above experiment Kang et al. (2007) concluded that the SA could provide some 

protection for cell structure of chilling-stressed banana seedling. 

Salicylic acid pre-treatment also improved the acclimation of tomato to high 

salinity observed by Szepesi et a!. (2008). The aim of their study was to investigate 

the effect of salicylic acid (SA) pre-treatment on the salt stress acclimation of tomato 

plants ( Lycopersicon esculentum Mill. L. cv. Rio Fuego). The antioxidant defence 

and detoxifying capacity of the tissues were analysed by measuring the accumulation 

of soluble, non-enzymatic antioxidants (anthocyanins) and the activities of glutathione 

S-transferases ( GST:s) at low (1 0 -? M) and high (1 0 -4 M) SA concentrations in plants 

exposed to I 00 mM NaCI. GSTs are a diverse group of enzymes that catalyse the 

detoxification of xenobiotics and other toxic organic compounds, and anthocyanins 

are among the few endogenous substrates that bind to GSTs and are sequestered to the 

vacuole. It was found that I 0 -4 M SA pre-treatment improved the acclimation of 

tomato to high salinity. SA pre-treatments increased the accumulation of anthocyanins 
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both in the presence and absence of 100 mM NaCl. The extractable GST activity of 

tissues increased under salt stress in young leaves and roots of the control and in 

plants pre-treated with 10 -4 M SA, while the extractable GST activity in these organs 

was reduced by 10 -7 M SA. It is suggested that elevated GST activity is a 

prerequisite for successful acclimation to high salinity in tomato plants pre-treated 

with A, but it may also be a symptom of tissue senescence. 

In plants, salicylic acid (SA) is a signalling molecule regulating disease 

resistance responses such as systemic acquired resistance (SAR) and the 

hypersensitive response (HR), and has been implicated in both basal and acquired 

thermotolerance. It has been shown that SA enhances heat-induced Hsp/Hsc70 

accumulation in plants. To investigate the mechanism of how SA influences the heat 

shock response (HSR) in plants, tomato seedlings were treated with SA alone, heat 

shock, or a combination of both before analyses of hsp70 mRNA, heat shock factor 

(Hsf)-DNA binding, and gene expression of hsp70, hsfAJ, hsfA2, and hsjBJ. SA alone 

led to activation of Hsf-DNA binding, but not induction or transcription of hsp70 

mRNA. SA had no significant effect on hsfA2 and hsjBJ gene expression, but 

potentiated the basal levels of hsfAJ. In heat-shocked plants, Hsf-DNA binding was 

established, and increased hsfAJ, hsfA2, and hsjBJ expression was followed by 

accumulation of Hsp70. SA plus heat shock showed enhanced Hsf-DNA binding, 

enhanced induction of hsp70 mRNA transcription, and gene expression of hsfAJ, 

hsfA2, and hsjBJ, resulting in potentiated levels of Hsp/Hsc70. Since increased hsp70 

and hsf gene expression coincide with increased levels of Hsp70 accumulation, it is 

concluded that SA-mediated potentiation of Hsp70 is due to modulation of these Hsfs 

by SA. In our efforts to understand the role of Hsp70 in heat-related disease 

susceptibility, the degree of the complexity of the cross-talk between the pathways in 

which SA is involved, inter alia, the plant defence response, the HSR and 

thermotolerance, was further underscored.(Snyman and Cronje, 2008) 

Using the technique of in vivo incubation of the grape berry ( Vitis vinifera L. 

cv. Cabemet Sauvignon) tissue in the SA-contained medium, the effects of exogenous 

SA on the gene expression of PAL and the accumulation of polyphenols during high 

temperature stress were investigated by Wen et a/.(2008). The results showed that SA 

could induce the accumulation of PAL mRNA and the synthesis of new PAL protein, 

and increase the activity under high temperature stress. A significant accumulation of 
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phenolics was also observed in the SA-treated berries. But, the activation of PAL by 

SA could be blocked by the pretreatments of berry tissues with the protein synthesis 

inhibitor cycloheximide, and mRNA transcription inhibitor, actinomycin D, 

respectively. It is thus speculated that SA may induce the activation of PAL and the 

accumulation of phenolics leading to the development of thermotolerance. 

Two rice (Oryza sativa L.) cultivars differing in chilling sensitivity, 

Changbaijiu (chilling-tolerant) and Zhongjian (chilling-sensitive) were pre-treated 

with 0.5, 1.0 and 2.0 mM salicylic acid (SA) for 24 h before chilling at 5 oc for 1 d. 

Chilling induced SA accumulation, particularly conjugated SA in both leaves and 

roots of the two rice cultivars. After SA administration, SA accumulated in the roots 

ofboth cultivars at a concentration-dependent manner, whereas only a slight increase 

was observed in their leaves. Conjugated SA accounted for most of the increase. The 

beneficial effect of SA treatment on protecting rice seedlings from chilling injury was 

not observed at any concentration in either cultivar. Pre-treatment with SA even 

decreased their chilling tolerance confirmed by increased electrolyte leakage and lipid 

peroxidation. Further, most of the activities of antioxidant enzymes decreased or 

remained unchanged in leaves and roots of SA pre-treated seedlings after chilling. 

These results implied that down-regulation of antioxidant defence might be involved 

in the reduction of chilling tolerance in SA-pre-treated plants (Wang et al. 2009) 

Zhou and Guo (2009) tested whether Ca2
+, a second messenger in stress response, is 

involved in ABA-induced antioxidant enzyme activities in Stylosanthes guianensis. 

Plants were sprayed with abscisic acid (ABA), calcium channel blocker, LaC13, 

calcium chelator, ethylene glycol-bis (~-amino ethyl ether)-N,N,N',N'-tetraacetid acid 

(EGT A), and ABA in combination with LaC13 or EGT A. Their effects on superoxide 

dismutase (SOD) and ascorbate peroxidase (APX) activities and chilling resistance 

were compared .. The results showed that ABA decreased electrolyte leakage and lipid 

peroxidation but increased maximum photochemical efficiency measured as variable 

to maximum fluorescence ratio (Fv/Fm) under chilling stress. Treatment with LaCh 

or EGT A alone and in combination with ABA increased electrolyte leakage and lipid 

peroxidation, decreased Fv/Fm, suggesting that the block in Ca2
+ signalling decreased 

chilling resistance of S. guianensis and the ABA -enhanced chilling resistance. AHA

induced SOD and APX activities were suppressed by LaCh or EGT A. The results 
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suggested that Ca2
+ is involved in the ABA-enhanced chilling resistance and the 

ABA-induced SOD and APX activities inS. guianensis. 

The alternative pathway is a cyanide-resistant and non-phosphorylatory 

electron transport pathway in mitochondria of higher plants. Alternative oxidase 

(AOX) is the terminal oxidase of this pathway. Lei eta!. (20 I 0) investigated the effect 

of exogenous salicylic acid (SA) on alternative pathway in cucumber (Cucumis 

sativus L.) seedlings under low temperature stress. Results showed that during the 

process of low temperature stress, the alternative pathway capacity was enhanced as 

AOX expression increased in SA pre-treated seedlings. Compared with seedlings 

without SA pre-treatment, slower decrease of relative water content and lower levels 

of electrolyte leakage, H202 and malonyldialdehyde content were detected in SA pre

treated seedlings. These results indicated that SA could alleviate the injury caused by 

low temperature on cucumber seedlings. Since the special protective functions of 

alternative pathway and AOX in plants, we suggested that the alternative pathway 

was related to SA-mediated plant resistance to environmental stresses such as low 

temperature. 
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3.1.1. Collection 
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The seeds of different varieties of soybean (Glycine max (L.) Merr.) JS 335; 

JS 71-05; NRC; Rossio were obtained from the National Centre for Soybean 

Research, Indore, M.P. and ICAR Gangtok. Two varieties of lentil seeds (Lens 

culinaris Medik.) ( Asha and Subrata) were collected from Pulses and Oil Research 

Centre, Berhampore, two (IPL 81; IPL 406) from Indian Institute Of Pulses Research , 

Kanpur, Uttar Pradesh India, and Lv from Bagdogra market, Siliguri. Viability was 

checked in laboratory and seedlings of different varieties were then raised from these 

stock of seeds in Department ofBotany, University ofNorth Bengal. Four varieties of 

soybean and six varieties of lentil seeds were selected for experimental purposes 

(Plates II, III and IV). 

3.1.2. Propagation 

The propagation of both soybean and lentil were done from the seeds obtained 

from the National Centre for Soybean Research, Indore, M.P. ,ICAR Gangtok and 

Pulses and Oil Research Centre, Berhampore respectively. 

3.1.3. Plantation 

Both soybean and lentil seeds of different verities were soaked overnight in 

distilled water after surface sterilization with 0.1% HgCh w/v for 3minutes and 

washed thoroughly three to four times with sterilized distilled water and grown in 

Petri dishes at room temperatures (20°C for lentil and 30 °C for soybean)and humidity 

50-60 % in lentil and 60-70% in soybean, during last week of April - first week of 

May and middle of October - first week of November in case of soybean and lentil 

respectively. For experimental purposes one week old seedlings were transferred to 

5.5" height and 5" diameter size plastic pots containing sandy loam soil mixed with 

farmyard manure in the proportion of 2:1 by weight. 

3.1.4. Maintenance 

Plants were regularly watered twice a day early morning and evening and 

maintained properly by weeding once a week at normal atmospheric temperature. 
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Plate III: Seeds of different varieties of Soybean A:Rossio B: JS 335 C: JS 71-05 
D:NRC37. 
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Plate IV : A and B: Different varieties of soybean in experimental field. 



3.2. Temperature treatment 

3.2.1. Seed treatment 
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Seeds were soaked overnight in sterile distilled water after surface sterilization 

with 0.1 % HgCl2 (w/v) and transferred to moist Petri dishes. Then these Petri dishes 

were kept at elevated temperatures of30°C, 35.C, 40°C, 45°C and SOOC in case of lentil 

and in case of soybean seeds were treated at low temperatures of 20°C, 1S°C, lOOC and 

SOC for 4 hrs duration following which they were allowed to germinate at room 

temperature and pereentage of germination was observed after one week. 

3.2.2. Seedling treatment 

For seedling treatment , seeds of both soybean and lentil were soaked 

overnight in sterile distilled water after surface sterilized with 0.1 % HgCh(w/v) and 

transferred to moist Petri dishes following which they were allowed to germinated at 

room temperature. After one week seedlings were transferred to 5.S" height and 5" 

diameter size plastic pots containing sandy loam soil mixed with farmyard manure in 

the proportion of2:1 by weight. 

One month old seedlings of soybean were exposed to low temperature of 20°C, 

15°C, IOOC and SOC for 4 hrs further seedlings were also exposed to different hours at 

S°C. Similarly om~ month old seedlings of lentil were exposed to high elevated 

temperature of 30°C, 3S°C, 40°C, 45°C and S0°C. Since seedlings showed maximum 

effects at S0°C, hence this temperature was considered as lethal temperature for lentil 

(Plates V and VI). 

3.3. Foliar application of chemicals 

3.3.1. Salicylic acid (SA) 

For chemical pre-treatments one month old seedlings of the different verities 

of lentil were sprayed with solutions of 1 OOflM salicylic acid, twice a day (early in the 

morning and also evening) for a week and finally just prior to exposure to lethal 

temperature. The pre- treated seedlings and distilled water treated (control) seedlings 

were dipped in respective solutions in conical flasks after which seedlings were 

exposed to 50°C as described. 
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Plate V: One month old lentil seedlings ( var. Sehore) subjected to different high 
temperatures A: control, B: 30°C, C: 35°C, D: 40°C, E: 45°C, F: 50°C. 
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Plate VI: One month old lentil seedlings ( var. Lv and lPL 406) subjected to lethal 
temperature A: Lv control, B': treated, C: IPL406 control, 0: treated. 
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3.3.2. Abscisic acid (ABA) 

One month old seedlings of lentil were sprayed with 50!-lM Abscissic acid 

(ABA) solution twice a day (early in the morning and evening) in the form of foliar 

spray, for a week and finally just prior to exposure to lethal temperature. The same 

volume (50ml) of distilled water was sprayed on control seedlings. The temperature 

treatment was carried out exactly in the same manner as mentioned in case of SA. 

3.3.3. Calcium chloride (CaCh) 

Calcium chloride solution of 1 OmM strength was sprayed on one month old 

seedlings of lentil same as SA and ABA. Controls consisted of plants on which the 

same volume of distilled water was sprayed and treated in the same manner as test 

plants. The seedlings were immersed in respective solutions in conical flasks for heat 

treatments. 

3.4. Tolerance index determination 

Variation in heat tolerance of the seedlings was calculated as the tolerance 

index (TI) which gives the percentage of shoot and /or root fresh biomass (g/plant) of 

treated (FWt) over untreated control (FW c) plants according to the following equation 

as suggested by Metwally et al. (2005) TI (%)=(FWr/ FWc X100)- 100 

3.5. Determination of cell membrane stability 

Membrane thermostability was tested by cell membrane stability (CMS) test 

with the pinnules obtained from seedlings following the method of Martineau et at. 

(1979). 1 g leaves were washed with 3-4 changes of distilled water and placed in test 

tubes (150x25mm) containing 2ml of pre heated (to the treatment temperature) water. 

Tubes were covered with plastic wrap and placed in a water bath at the desired 

temperature for 15min, while the control tubes were kept at 25°C. After cooling to 

room temperature, distilled water was added to make the volume up to 1 0 mi. Sample 

were incubated at IOoC for 16 hrs and conductivity measured with a conductance 

meter (Labindia pH and conductivity meter Pi co+). The tubes were covered with 

aluminium foil and autoclaved at 120oC for 15min to released all electrolytes. After 

cooling tubes to 25°C the contents were mixed and final conductance measured. The 

injury was determined as follows: 
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Relative injury [R1] (%)= [1-{ 1-(T ,/T2) }/ { I-(C,/C2)}] x 100 

Where T and C refer to the conductance in treatment and control tubes and 

subscripts 1 and 2 refer to readings before and after autoclaving respectively. 

3.6. Determination of lipid peroxidation 

Lipid peroxidation was measured in terms of malondialdehyde (MDA) content 

as described by Dhindsa et al (1981). Mature intermediate leaf tissue were 

homogenized in 2ml of 0.1% (w/v) trichloroacetic acid (TCA) and centrifuged. 0.5 ml 

of supernatant of leaf extracts was mixed with 2ml of 20%(v/v) trichloroacetic acid 

containing 0.5% (v/v)thiobarbituric acid. The mixture was heated at 95°C for 30min, 

quickly cooled and centrifuged at 1 OOOOrpmfor 1 Omin. The absorbance of the 

supernatant was read at 532nm and 600nm. The concentration of MDA was 

calculated by means of an extinction ~oefficient of 155mM-1cm-1(Heath and Packer 

1968). 

3.7. Extraction of antioxidative enzymes 

3.7.1. Catalase (CAT: EC.1.11.1.6) 

The mature leaf samples were ground to powder in liquid nitrogen and 

extracted with 3 ml of 50mM sodium phosphate buffer (pH 6.8) using 

polyvinylpyrrolidone under ice cold conditions, following the method of Chance and 

Machly (1955). The homogenate was centrifuged at -4°C for 15 min at 10,000 rpm. 

The supernatant was used as crude enzyme extracts. 

3.7.2. Peroxidase (POX: EC. 1.11.1.7) 

For the extraction of POX, 0.5 g of plant tissues was ground to powder in 

liquid nitrogen and extracted in 3ml of 1 OOmM Sodium phosphate buffer (pH 6.8) 

using polyvinylpyrrolidone under ice cold conditions. The homogenate was 

centrifuged immediately at lO,OOOrpm for 15 min at -4°C. After centrifugation the 

supernatant was collected and after recording its volume was used immediately for 

assay or stored at -20°C (Chakraborty et al. 1993). 

3.7.3. Ascorbate peroxidase (APOX: EC.l.ll.l.ll) 

APOX enzyme extract was prepared by powdering 0.5 g of tissue in liquid 

nitrogen and extracting in 3ml of 50mM Na2HP04/NaH2P04 buffer (pH7.2) 
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containing 2mM polyvinylpyrrolidone (PVP) following the method of Asada (1984). 

The homogenate was centrifuged at - 4oC for 15minutes at 10,000 rpm. The 

supernatant obtained was used for enzyme assay. 

3. 7.4. Glutathione reductase (GR: EC. 1.6.4.2) 

The enzyme extract for GR was prepared by crushing the plant tissue in liquid 

nitrogen and extracting with 100mM Potassium phosphate buffer (pH 7.6) containing 

20mM polyvinylpyrrolidone (PVP) The homogenate was centrifuged at - 4°C for 

15min at 10,000 rpm. The supernatant obtained was used for enzyme assay and 

estimation of total soluble protein content. The activity was determined following the 

method of Lee and Lee (2000). 

3.7.5. Superoxide dismutase (SOD: EC. 1.15.1.1) 

The SOD enzyme extract was prepared by grinding the plant tissue in liquid 

nitrogen to powder form and extracting in 1 OOmM Potassium phosphate buffer 

(pH7.6) containing 20mM polyvinylpyrrolidone (PVP), following the method of 

Dhindsa et.al(1981) . Insoluble material was removed by centrifugation at 10,000 rpm 

for 10 minutes at -4°C and the supernatant was used as enzyme extract. 

3.8. Assay of enzymes activities: Prior to assay of enzyme activities , protein content 

of the extract was determined in each case following the procedure described 

elsewhere. 

3.8. Assay of enzymes activities. 

3.8.1. Catalase (CAT: EC.1.11.1.6) 

Catalase activity was measured according to Chance and Machly (1955). 

Enzyme extract ( 40 J.tl) was added to 3ml of H20 2 phosphate buffer (0.16ml of H20 2 

to 100 ml of phosphate buffer, pH 7.0) and the breakdown of H20 2 was measured at 

240 nm in a spectrophotometer. An equivalent amount of buffer containing H20 2 was 

used as reference. The enzyme activity was expressed as J.tM H20 2 oxidised mg-1 

protein min-1
. 

3.8.2. Peroxidase (POX: EC. 1.11.17) 

For determination of peroxidase activity , lOOJ.tl of freshly prepared crude enzyme 

extract was added to the reaction mixture containing lml of 200mM sodium 
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phosphate buffer (pH 5.4). 451-ll of 30% H20 2 , 100 1-11 of 0-dianisidine (5 mg/ml 

methanol) and 1.7ml of distilled water. Peroxidase activity was assayed 

spectrophotometrically in UV VIS spectrophotometer (UV-VIS Spectrophotometer 

118 systronics) at 460 nm by monitoring the oxidation of 0-dianisidine in presence of 

HzOz (Chakrabotry et al. 1993 ). Specific activity was expressed as mM 0- dianisidine 

oxidized mg-1 protein min-I 

3.8.3. Ascorbate peroxidase (APOX: EC.1.11.1.11) 

Ascorbate peroxidise activity was assayed as decrease in absorbance by 

monitoring the oxidation of ascorbate at 290nm according to the method of Asada 

(1984) with some modification . The reaction mixture consisted of 0.1 ml of enzyme 

extract ,0.1 ml of0.5mM ascorbic acid ,0.1 ml of30% HzOz (v/v) and 2.7ml of50mM 

sodium phosphate buffer (pH 7.2). Enzyme activity was finally expressed as mM 

Ascorbate (reduced/ oxidised) mg-1 protein min-1
• 

3.8.4. Glutathione reductase (GR: EC 1.6.4.2) 

Glutathione reductase activity was determined by the oxidation of NADPH at 

340nm with extinction coefficient of 6.2 mMcm-1as described by Lee and Lee(2000). 

The reaction mixture consisted of 1 OOmM potassium phosphate buffer (pH7.6), 2mM 

EDTA, 0.1mM NADPH, 0.6mM glutathione (oxidised form, GSSG) with O.lml of 

enzyme extract. The reaction was initiated by addition of NADPH at 25°C.Enzyme 

activity was finally expressed as 1-1M NADPH oxidized mg protein-1 min-1
• 

3.8.5. Superoxide dismutase (SOD: EC 1.15.1.1) 

Superoxide dismutase activity was assayed by monitoring the inhibition of the 

photochemical reduction of nitroblue tetrazolium (NBT) according to the method of 

Dhindsa et a/.(1981)with some modification. Each 3ml of the assay mixture 

constituted of O.lml enzyme extract, 1.5ml of IOOmM phosphate buffer (pH 7.8), 

O.lml NazC03 (1500mM). O.lml NBT (2.25mM), 0.2ml ml methionine (200mM), 

O.lmlEDTA (3 mM), 0.1 ml riboflavin (60 1-1M) and 0.8 ml of distilled water. The 

reaction tubes containing enzyme samples were illuminated with 15W fluorescent 

lamp for 1 Omin. Another set of tubes lacking enzymes were also illuminated and 

served as control. A non-irradiated complete reaction mixture served as blank. The 

absorbance of samples were measured at 560nm and I unit of activity was defined as 
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the amount of enzyme required to inhibit 50% of the NBT reduction rate in the 

controls containing no enzymes. 

3.9. Isozyme analyses by polyacrylamide gel electrophoresis (PAGE) 

Polyacrylamide gel electrophoresis (PAGE) using 8% resolving gel and 5% 

stacking gel in Tris-glycine buffer (pH 8.3) was performed for isozyme analyses of 

different enzymes following the method of Davis (1964). The various solutions 

required for the analysis were prepared as follows: 

3.9.1. Preparation of the stock solution 

Solution A: Acrylamide stock solution (Resolving gel) 

For the preparation of Acrylamide stock solution for resolving gel 28g of 

acrylamide and 0.76g of N'N' methelene bis-acrylamide was dissolved in lOOml of 

distilled water and filtered through No. 1 filter paper and stored at 4°C in dark bottle. 

Solution B: Acrylamide stock solution (stacking gel) 

For the preparation of acrylamide stock solution for stacking gel 1 Og of 

acrylamide and 2.5g of bis-acrylamide was dissolved in 100 ml of warm distilled 

water. The stock solution was filtered and stored at 4°C in dark bottle. 

Solution C: Tris -HCI (Resolving gel) 

36.6g ofTris -base was mixed with distilled water and 0.25ml ofTEMED was 

added. The pH was adjusted to 8.9 with cone. HCl. The volume of the solution was 

made up to lOOml with distilled water. The solution was then stored at 4°C for further 

use. 

Solution D : Tris-HCI (Stacking gel) 

5.98g of Tris base was mixed with distilled water and 0.46ml of TEMED and 

the pH was adjusted to 6. 7 with cone. HCI. The volume was made up to 1 OOml with 

distilled water. The solution was stored at 4"c for further use. 

Solution E: Ammonium persulphate solution (APS) 

Fresh solution of APS was prepared by dissolving 0.15g of APS in 1 OOml of 

distilled water. 
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Solution F: Riboflavin solution 

Fresh solution of Riboflavin was prepared by dissolving 0.4mg of riboflavin in 

1 Oml of distilled water. The solution was kept in dark bottle to protect from light. 

Solution G: Electrode buffer 

Electrode buffer was prepared freshly by dissolving 0.6g of the Tris base and 

2.9g of Glycine in 1 L of distilled water. 

3.9.2. Preparation of gel and electrophoresis 

For the polyacrylamide gel electrophoresis of isozymes mini slab gel was 

prepared. For slab gel preparation, two glass plates were taken and were thoroughly 

cleaned with dehydrated alcohol to remove any trace of grease and then dried. l.Smm 

thick spacers were placed between the glass plates on three sides and these were 

sealed with high vacuum grease and clipped thoroughly to prevent any leakage of the 

gel solution during pouring. 7.5%resolving gel was prepared by mixing solution 

A:C:E : distilled water in the ratio of 1:1 :4:1 by pasture pipette leaving sufficient 

space for (Comb +lcm) the stacking gel. This resolving gel immediately over layered 

with water and kept for polymerization for 2h. After polymerization of the resolving 

gel was completed over layer water was poured off and washed with distilled water to 

remove any unpolymerized acrylamide. The staking gel solution was prepared by 

mixing solutions B: D: F: distilled water in the ratio of 2:1:1: 4 and poured over the 

resolving gel and comb was inserted immediately and over layered with distilled 

water. The gel was kept for polymerization for 30-45min in strong sunlight. After 

polymerization of the stacking gel the comb was removed carefully and wells were 

washed thoroughly. Lower spacer was also removed and the space was cleaned with 

tissue paper to remove extra grease. 

The gel was now finally mounted in the electrophoresis apparatus. 300ml Tris 

-Glycine running buffer ( for mini gel) was added sufficiently in both upper and 

lower reservoir. Any bubble, trapped at the bottom of the gel was removed very 

carefully with a bent syringe. 

Sample preparation 

Sample was prepared by mixing the sample enzyme with gel loading dye 

(40% sucrose and 1% bromophenol blue in distilled water). All the solutions for 
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electrophoresis were cooled. The samples were immediately loaded m a pre

determined order into the bottom of the wells with a micro litre syringe. 

Electrophoresis 

Electrophoresis was performed at constant 1 OmA current for a period of 3-4h 

at 4oC until the dyefront reached the bottom of the gel. 

3.9.3. Staining procedure 

After electrophoresis the gel was removed carefully from the glass plates and 

then the stacking gel was cut off from the resolving gel and finally stained using 

suitable staining dye. 

3.9.3.1. Catalase~ 

Extract for isozymes analysis was prepared by grinding 0.5g of tissue in liquid 

nitrogen in pre-chilled mortar and pestle and finally extracted in 0.1 M sodium 

phosphate buffer (pH7.0) as described by Davis (1964) and used for the isozyme 

analysis. 

Catalase isozymes are visualized by following the method of Woodbury et al. 

(1971) After electrophoresis the gel was soaked in 3.3mM H202 for about 20min. The 

gel was then rinsed with distilled water and incubated in a freshly mixed solution of 

equal volume of 1% potassium ferrocyanide and 1% of ferric chloride for about 

20minutes. Analysis was done immediately after the appearance of yellow bands in a 

green background and Rm values for different isozymes were calculated. 

3.9.3.2. Peroxidase 

Sample was prepared by grinding 0.5g of tissue in liquid nitrogen in pre

chilled mortar and pestle and finally extracted in 0.1 M sodium phosphate buffer 

(pH7.0) as described by Davis (1964). Peroxidase isozyme pattern was estimated by 

staining the gel in Benzidine dye in acetic acid water mixture consisting of Benzidine 

(2.08 g), Acetic acid (18 ml), 3% H202 with (100ml) for 5 min by following the 

method of Reddy and Garber (1971). The reaction was finally stopped with 7% acetic 

acid after the appearance of blue coloured bands. Analysis of isozymes was done 

immediately. 
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3.9.3.3. Superoxide dismutase 

Extract for isozymes analysis was prepared by grinding 0.5g of tissue in liquid 

nitrogen in pre-chilled mortar and pestle and finally extracted in 0.1 M potassium 

phosphate buffer(pH7.6) and used for the isozymes analysis as described by Burk and 

Oliver (1992) with slight modification. 

After electrophoresis, gel was soaked in 50mM potassium phosphate buffer 

(pH7.6) , O.lmM EDTA, 0.02% TEMED , 3mM Riboflavin, 0.25mM NBT and 

incubated in dark for 30min at room temperature with constant shaking. After 30min 

gel was rinsed with distilled water and placed in distilled water. The gel was then 

exposed to light under 400 WHP Sodium lamp for 5-lOmin, at 25·c. Analysis was 

done immediately and Rm values for different isozymes were calculated. 

3.10. Determination of hydrogen peroxide accumulation 

3.10.1. Quantification 

The hydrogen peroxide was extracted following the method of Jena and 

Choudhuri(l981) by homogenizing 50mg leaf tissue with 3ml of phosphate buffer 

(50mM , pH 6.5). the homogenate was centrifuged at 6000rpnfor 25min . The 

supernatant was used for quantification of hydrogen peroxide. 

To determine H202 level 3ml of extracted solution was mixed with lml of 0.1% 

Titanium sulphate in 20% H2S04(v/v), and the mixture was then centrifuged at 60001-P'" 

for 15min . The intensity of the yellow colour of the supernatant was measured at 

410nm. H202level was calculated using the extinction coefficient (0.28J.!mor1cm-1
) 

3.10.2. Microscopic detection 

Detection of hydrogen peroxide in leaf tissue was performed according to 

Thordal- Christensen et al. (1997). The detached leaf was washed thoroughly three to 

four times and incubated for 14h in dark with lmg/ml3,3'-diaminobenzidine (DAB) 

pH 3.8 and subsequently, the chlorophyll was removed by rinsing the leaf several 

times in 96% ethanol and observed under microscope. 



3.11. Extraction and estimation of non enzymatic antioxidants 

3.11.1. Ascorbate 

Ascorbate was estimated by following the method of Mukherjee and 

Choudhuri (1983). The seedlings were homogenised in a cold mortar and pestle on ice 

using 1 Oml of 6% Tricholoacetic acid and filtered. To 4ml of the extract, 2ml of 

2%dinitrophenylhydrazine (in acidic medium) and 1 drop of 10% Thiourea (in 70% 

ethanol) were added. The mixture was kept in boiling water bath for 15 min and 

cooled at room temperature. 5ml of 80% (v/v) Sulphuric acid (H2S04) was added to 

the mixture at 0°C. The absorbance at 530nm was recorded. The concentration of 

ascorbate was calculated from a standard curve plotted with known concentration of 

ascorbic acid. 

3.11.2. Carotenoids 

Carotenoids were extracted and estimated according to the method given by 

Lichtenthaler (1987). O.Sg of plant sample was homogenized in methanol for the 

extraction of carotenoid. After extraction the absorbance value was noted at 480nm in 

a VIS spectrophotometer and the carotenoid content was calculated using the 

following standard formula. 

Atso-(0.114xA663)-0.638(A64s) J.Lg g"1fresh weight. 

3.12. Estimation of total antioxidant activity 

Mature intermediate leaves were powdered and 1 g of the powder was combined with 

4ml of methanol, <:entrifuged at 4000 rpm for 1 0 min, supernatant was collected and 

placed in a 60°C water bath for twenty five minutes (Miller et al. 2000). The semi

dried extract was gathered and for estimation, 0.2g of the extract was dissolved in 

lOml ofmethanol. Two ml of2, 2-Diphenyl-1-picrylhydrazyl (DPPH) solution with a 

concentration of 0.025g of DPPH in 1 OOOml of methanol was mixed with 40 J!l of 

extract solution, the initial reading of purple colour was taken. After 30 min 

incubation at room temperature, the reaction solution colour turns from purple to 

yellow was examined at 517 nm by using a spectrophotometer (UV-VIS 

Spectrophotometer, Model 118 Systronics). The inhibition percentage of the 

absorbance of DPPH solution was calculated using the following equation 

Inhibition % = A T Q.= A T 30 x 1 00 

A To 
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(A T 0 was the absorbance of DPPH at time zero. A T 30 was the absorbance of DPPH 

after 30 min of incubation). Total antioxidant activity was thus measured as free 

radical scavenging ability in terms of inhibition of absorbance by DPPH. 

3.13. Protein analysis 

3.13.1. Extraction of soluble proteins 

Soluble proteins were extracted from seeds and leaves following the method 

of Chakraborty et. al. (1995). For this, the tissue was ground in a mortar using 50mM 

sodium phosphate buffer (PH 7.2) and centrifuged at- 4.C for 15 minutes at 10,000 

rpm. The supernatant obtained will be used as crude protein extract for the estimation 

of protein by the method ofLowry (1951). 

3.13.2. Quantification 

Soluble proteins were quantified by following the method as described by 

Lowry et.al (1951). To lml of protein sample 5ml of alkaline reagent (lml of 

1 %CuS04 and 1 ml of 2% sodium potassium tartarate, dissolved in 1 OOml of 

2%NazCOz in 0.1 N NaOH) was added. This was incubated for 15mins at room 

temperature and then 0.5 ml of 1 N Folin Ciocalteau reagent was added and again 

incubated for further 20 minutes following which absorbance was measured at 

720nm. Quantity of protein was estimated from the standard curve made with bovine 

serum albumin (BSA). 

3.13.3. SDS-P AGE analysis 

Total soluble protein extracted in O.OSM sodium phosphate buffer were used 

as crude protein extract for analysis of protein pattern. Analysis was carried out on 

10% SDS-PAGE gel following the method of Sambrook et al. (1989). 

3.13.3.1. Preparation of stock solution 

For the preparation of gel the following stock solutions were prepared: 

(A) Acrylamide and N'N' -methylene bis acrylamide 

A stock solution containing 29% acrylamide and 1% bisacrylamide was prepared 

in water. As both of these amides are slowly deaminated to acrylic and bis acrylic acid 

by alkali and light the~ pH of the solution was kept below 7.0. the stock solution was 
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then filtered through Whatman No. 1 filter paper, kept in brown bottle and stored at 

4°C and used within one month. 

(B) Sodium Dodecyl Sulphate (SDS) 

A 10% stock solution of SDS was prepared in warm water and stored at room 

temperature. 

(C) Tris Buffer 

i) 1.5 M Tris buffer was prepared for resolving gel. The pH of the buffer 

was adjusted to 8.8 with concentrated HCl and stored at 4°C for further 

use. 

ii) 1.0 M Tris buffer was prepared for use in the stacking and loading 

buffer. The pH of this buffer was adjusted to 6.8 with cone. HCl and 

stored at 4°C for further use. 

(D) Ammonium Per sulphate sulution (APS) 

Fresh 10% APS solution was prepared with distilled water each time before 

use. 

(E) Tris --Glycine electrophoresis buffer 

Tris running buffer consists of 25 mM Tris base, 250 mM Glycine (pH 

8.3)and 0.1% SDS. A solution was made by dissolving 3.02g Tris base, 

18.8 Glycine and 1 Oml of 10% SDS in 1liter of distilled water. 

(F) SDS gel loading buffer 

This buffer consists 50m M Tris -HCl (pH 6.8), 10 mM ~-mercaptoethanol, 

2% SDS,0.1% bromophenol blue, 10% glycerol. A 1 x solution was prepared 

by dissolving 0.5 ml of 1M. 

Tris buffer (pH 6-8), 0.5 ml of 14.4 M ~-mercaptoethanol , 2ml of 10% SDS, 

1 Omg bromophenol blue, 1ml glycerol in 6.8ml of distilled water. 

3.13.3.2. Preparation of gel and electrophoresis 

Mini slab gel (Plate size 8 em x 10 em) was prepared for the analysis of 

protein patterns by SDS-PAGE. For gel preparation, two glass plates were thoroughly 

cleaned with dehydrated alcohol to remove any traces of grease and then dried. Then 

1.5 mm thick spacers were placed between the glass plates at three sides and sealed 
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with high vacuum grease and clipped tightly to prevent any leakage and the gel 

solution during pouring. Resolving and stacking gels were prepared by mixing 

compounds in the following order and poured by Pasture pipette leaving sufficient 

space for comb in the stacking gel (comb +I em) 

Composition of solutions 

10% resolving gel 5% stacking gel 

Name of the Amount Name of the Amount 
compound (ml) compound (ml) 

Distilled water 2.85 Distilled water 2.10 

30% acrylamide 2.55 30% acrylamide 0.50 

1.5 M Tris (pH 8.8) 1.95 1.5M Tris (pH 8.8) 0.38 

10% SDS 0.075 10% SDS 0.030 

10% APS 0.075 IO%APS 0.030 

TEMED 0.003 TEMED 0.003 

After pouring the resolving gel solution, it was immediately over layered with iso

butanol and kept for polymerization for 2 hours. After polymerization of the resolving 

gel was complete, overlayerwas poured off and washed with water to remove any 

unpolymerized acrylamide, Stacking gel solution was poured over the resolving gel 

and the comb was inserted immediately and over layered with water. Finally the gel 

was kept for polymerization for 30-40 minutes. After polymerization of the stacking 

gel the comb was removed and washed thoroughly. The gel was then finally mounted 

in the electrophoresis apparatus. Tris-Glycine buffer was added sufficiently in both 

upper and lower reservoir. Any bubble trapped at the bottom of the gel , was removed 

carefully with a bent syringe. 

Sample preparation 

Sample (50fll) was prepared by mixing the sample protein (35fll) with 1 x 

SDS gel loading butTer (15 fll). All the samples were floated in boiling water bath for 

4minutes to denature the protein sample. The samples were immediately loaded in a 

pre-determined order into the bottom of the wells with a micro litre syringe. Along 

with the samples, protein markers consisting of mixture of five proteins ranging from 
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high to low molecular masses (Phosphorylase b-98; Bovine Serum Albumins- 67; 

Ovalbumin -44; GST-29; and Lysozyme 16)was treated as the other sample and 

loaded in a separate well. 

Electrophoresis 

Electrophoresis was performed at a constant 18 rnA current for a period of 

three hours until the dye front reached the bottom of the gel. 

3.13.3.3. Fixing and staining and destaining 

After electrophoresis the gel was removed carefully from the glass plates and 

then the stacking gel was cut off from the resolving gel and finally fixed in glacial 

acetic acid : methanol : water( I 0:20:70) for overnight. The gel was removed from the 

fixer and stained in Coomassie blue stain for 4 hat 37°C with constant shaking at low 

speed. The staining solution was prepared by dissolving 250mg of Coomassie brilliant 

blue (Sigma R 250) in 45 ml of methanol. After the stain was completely dissolved, 

45 ml of water and 10 ml of glacial acetic acid were added. The prepared stain was 

filtered through Whatman No. 1 filter paper. 

After staining the gel was finally destained with destaining solution containing 

methanol, water, acetic acid (4.5 : 4.5 :1) at 40°C with constant shaking until the 

background bec~ame clear. 

3.14. Extraction and Estimation of Phenol 

Phenol was extracted by following the method of Mahadevan and Sridhar 

(1982). lg of leaf tissue was immersed in boiling absolute alcohol at the rate of 5ml 

alcohol per g oftissue for 5-lOmin cooled and then crushed in mortar and pestle using 

80% alcohol in dark and filtered in dark chamber. The residues were re-extracted with 

80% alcohol, and then the final volume was made up with 80% alcohol to 1 Oml. 

3.14.1. Total Phenol 

Total phenol was estimated by following the method of Bray and Thorpe 

(1954). In one ml of extract, lml of 50% diluted Folin ciocaltean and 2ml of 20% 

Na2C03 solution were added. Then the mixture was boiled in water bath for lmin. 
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After cooling under running tap water the mixture was diluted with distilled water and 

final volume was made 25ml. The absorbance was measured at 650nm in colorimeter. 

3.14.2. Ortho- dihydroxy Phenol 

Arnow's method (1933) was followed to estimate ortho-hydroxy phenol in 

which 2ml of 0.5(N) HCl, lml of Arnow's reagent (lOg NaN02 + lOg Na2M004 in 

lOOml of distilled water) and 2ml of l(N) NaOH were added in lml of crude extract. 

After reaction pink colour was developed and the volume was raised up to 1 Oml with 

distilled water, after shaking the absorbance was measured in colorimeter at 515nrn. 

3.15. HPLC analysis of Phenolics 

Phenolics compounds was extracted from leaves of both soybean and lentil 

tissues following the method of Obanda and Owuor(1994) with slight modification. 

Leaf sample (5g) were extracted with 50ml of acetone at 45°C in water bath for 30 

min. Extracts were decanted and filtered thoroughly Whatman No. 1 filter paper. 

Acetone extract was concentrated to dryness and finally the residue was dissolved in 

lOml distilled water. Water solution was extracted with equal volume of chloroform 

for four times. The pH of the water layer was adjusted to 2 by adding 2 drops of 2 N 

HCl and extracted with methyl isobutyl ketone. Methyl isobutyl ketone extract was 

concentrated to dryness and dissolved in 1.5 ml of 2% acetic acid. The extract was 

finally filtered through milipore filter (milipore 0.4!-lm HA filter paper). 

High performance liquid chromatography (HPLC) of the samples were performed 

according to Sarma et al. (2002). The HPLC system ( Shimadzu Advanced VP Binary 

Gradietn ) equipped with C-18 hypersil column with linear gradient elution system as 

follows- mobile phase A 100% acetonitrile ; mobile phase B 2% acetic acid in water 

was used for sample analysis.Elution: 88% B for 6 min then linear gradient to 75% B 

over 5 min. The elution was complete after 25 min. Flow rate was fixed as 1 ml min- 1 

with sensitivity of 0.5 aufs. Injection volume was 20 1-11 and monitored at 278nrn. 

3.16. Extraction and Estimation of Proline 

Proline was extracted by following the method of Bates et a/.(1973). 0.5g of 

plant tissue was crushed with 5ml of 3%Sulfosalicylic acid in mortar and pestle then 

was filtered through whatman No.1 filter paper at room temperature. The supernatant 

was collected for estimation. 
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Proline content of the extract was estimated as described by Bates et al. (1973) 

with some modification. To 1ml of extract, 3ml of distilled water and 1ml of 

Ninhydrin solution (1 g ninhydrin + 1 Oml acetone+ 15ml distilled water) was added. 

The mixture was kept on a boiling water bath for 30 min. After cooling, the reaction 

mixture was transferred in a separating funnel and Sml of Toluene was added and 

mixed vigorously. Lower coloured solution was taken and absorbance values were 

measured at 520 run and quantified from a standard curve of proline. 

3.17. Extraction and Estimation of Chlorophyll 

Chlorophyll was extracted according to the method of Harbome ( 1973) by 

homogenizing 1 g of leaf sample in 80% acetone and filtering through whatman No. 1 

filter paper. 80% acetone was repeatedly added from the top till the residue became 

colourless. The filtrate was collected and the total volume was made up to 1 Oml. The 

chlorophyll content was estimated by observing the O.D. values at 645nm and 663nm 

respectively in a UV-VIS spectrophotometer (UV-VIS Spectrophotometer 118 

systronics) and calculated by using the following formulae (Amon, 1949) 

Total chlorophyll: (20.2 A645 + 8.02 A663) mg g"1fresh weight 

Chlorophyll a: (12.7 A66J-2.69 A645) mg g·1fresh weight 

Chlorophyll b: (22.9 A645- 4.68 A663) mg g-1 fresh weight 



Experimental 
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2o·c 3o·c 3s·c 4o·c 4s·c • so·c 

Fig. 1: Effect of elevated temperature stress on cell membrane stability (expressed as 
% Relative injury) 
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4.1.2. Soybean 

Seedlings of four varieties were subjected to low temperatures upto 5 C. At 5 C 

hardening of leaves was evident, but there were no varietal difference 

morphologically (Plate VII). Further, in order to determine time course related 

changes, plants were subjected to a low temperature of s'c for period upto 24h, with 

sampling being done every 2h for biochemical analysis. Morphological changes were 

evident from 8h onwards (Plate VIII). 

4.2. Effect of temperature on seed germination and determination of 

lethal temperature 

Exposure of seeds of six varieties of lentil to different temperatures for four hours 

revealed that in control germination percentage varied from 90-100% whereas at the 

highest temperature it decreased significantly to around 25-30%. In sehore and Lv 

germination percentage at 5o·c was 5-10% respectively and in Asha it was about 

35% (Fig. 2,3 & 4). Even in the varieties which showed higher germination 

percentages at so·c the survivals of seedlings were very low. 

4.3. Effect of temperatures on lipid peroxidation of membranes 

Lipid peroxidation is an important indicator of oxidative stress as the membrane is 

one of the first cell organelles to be effected by high or low temperatures. Lipid 

peroxidation was determined as the amount of malondialdehyde (MDA) in the 

membrane. 

4.3.1. High temperature 

Lipid peroxidation, irrespective of varieties, increased significantly following 

exposure to high temperatures. However, at higher temperatures, MDA accumulation 

was about 50% greater in Sehore and Lv in comparison to the other four varieties -

IPL 406, IPL 81, Asha, and Subrata (Fig. 5 A). 

4.3.2. Low temperature 

Lipid peroxidation was found to be increased at all low temperatures in all the four 

tested varieties of soybean. Initially MDA content was not significantly different from 



Plate VII: Soybean plants treated at 5°C for 4 hrs A& B : JS 71-05; C&D : 
NRC 37: E&F: JS 335 ; G&H : Rossio; A,C,E,G Control; B,D, 
F, H -Treated. 
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Plate VIII: Soybean seedlings (var. Rossio) subjected to low temperature 
treatment at 5°C for different time period. 
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Fig. 2 : Germination percentage of lentil seeds at different temperatures stress 
A: Sehore ; B: Lv 
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Fig. 3 : Germination percentage of lentil seeds at different temperatures stress 
A: IPL 406; B: IPL 81 
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Fig. 4: Germination percentage of lentil seeds at different temperatures stress 
A: Asha; B: Subrata. 
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control in any of the varieties but at 1 o·c and at 5·c, significant differences from 

control were observed (Table 2). 

Table 2: Effect of low temperatures on lipid peroxidation in different varieties of 
soybean 

Temperature MDA content (roM g fresh wt. -I ) 

ec 
Rossio JS 335 

25 0.032±0.005 0.029±0.002 

20 0.038±0.009 0.029±0.003 

15 0.045±0.007 0.042±0.003 

10 0.050±0.006 0.069±0.005 

5 0.058±0.002 0.083±0.008 

CD( P= 0.05) treatments- 0.014; varieties -0.013 
Average of three separate experiments; ± SE 

Table 2: A: Anova of data presented in Table 2 

Source of ss df MS 
Variation 

Rows 0.0074557 4 0.001864 

Columns 0.001257 3 0.000419 

Error 0.000997 12 8.31E-05 

Total 0.009709 19 

JS 71-05 

0.036±0.002 

0.037±0.005 

0.067±0.005 

0.088±0.006 

0.094±0.006 

F P-value 

22.44116 1.69E-05 

5.042841 0.017293 

NRC37 

0.029±0.001 

0.045±0.002 

0.061±0.007 

0.073±0.007 

0.096±0.006 

F crit 

3.259167 

3.490295 

Analysis of time course dependent lipid peroxidation revealed that initially till 4-6h of 

treatment there was an increase in MDA accumulation in all the varieties. Further 

increase in the duration of stress led to gradual decline in MDA accumulation. 

However, after 20-24h an increase was again observed (Fig 5B). Differences in 

varieties were related to the time after which lipid peroxidation decreased. 

4.4. Changes in antioxidative enzymes in seedlings of Glycine max 

subjected to low temperature stress 

Enzymes were extracted from the leaves of seedlings of the soybean varieties 

subjected to low temperature stress and assayed for the activities. In this case two 
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Fig. 5: A - Effect of high temperature on lipid peroxidation content in different 
varieties of lentil 

B - Effect of low temperature stress on lipid peroxidation in different 
varieties of soybean at different time intervals 
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experiments were performed - i)where the seedlings were subjected to different 

temperatures for 4 hours; and ii) where seedlings were exposed to a temperature of 

SOC for periods varying from 2-24 hours at 2h intervals. Results are presented below: 

4.4.1. Activities at different temperatures 

Assay of catalase activities at different decreasing temperatures ranging from 2S-SOC 

revealed that in all varieties there was a decline in activity of catalase with decrease in 

temperature (Table 3). Among the four varieties, Rossio and NRC 37 had higher 

constitutive catalase activities but at SOC all had similar low activities. The decrease in 

the activity of catalase is around nine fold in Rossio and NRC 37 but around three 

fold in other two. 

Table 3: Effect of low temperature stress on catalase activities in different varieties of 
soybean 

Temperature CAT activity (A A 245 mg protein -I min-t) 

(oC) Rossio JS 335 JS 71-05 NRC37 

25 0.368±0.013 0.075±0.003 0.086±0.007 0.320±0.010 

20 0.176±0.009 0.058±0.004 0.063±0.005 0.26S±0.021 

15 0.090±0.008 0.052±0.009 0.043±0.004 0.113±0.009 

10 0.064±0.006 0.037±0.002 0.030±0.003 0.083±0.007 

5 0.038±0.002 0.028±0.004 0.022±0.002 0.040±0.008 

CD( P= 0.05) treatments- 0.098; varieties -0.087 
Average ofthree separate experiments;± SE 

Table 3: A : Anova of data presented in Table 3 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.086577 4 0.021644 S.384690 0.010182 3.2S9167 

Columns 0.057225 3 0.019075 4.745459 0.020913 3.490295 

Error 0.048235 12 0.004019 

Total 0.192037 19 
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Peroxidase activity increased in Rossio till 1 OOC but at 5T there was a decline. In the 

other three varieties activities increased till IYC and declined with further decrease in 

temperature (Table 4). 

Table 4: Changes m peroxidase activities of soybean varieties exposed to low 

temperatures 

Temperature POX activity ( .d A 460 mg protein -1 min -1) 

(oC) Rossio JS335 

25 0.180±0.011 0.159±0.009 

20 0.200±0.008 0.209±0.0 I 0 

15 0.243±0.040 0.352±0.032 

10 0.692±0.022 0.319±0.0 15 

5 0.339±0.012 0.290±0.043 

CD ( P= 0.05) treatments- 0.182 ; varieties- 0.163 
Average ofthree separate experiments;± SE 

Table 4: A: Anova of data presented in Table 4 

Source of SS 
Variation 

df Ms F 

JS 71-05 NRC37 

0.176±0.040 0.417±0.036 

0.198±0.009 0.442±0.020 

0.330±0.031 0.686±0.070 

0.227±0.018 0.518±0.050 

0.222±0.015 0.300±0.040 

P-value F crit 

Rows 0.131137 4 0.032784 2.347851 0.113255 3.259167 

Columns 0.171189 3 0.057063 4.086573 0.032559 3.490295 

Error 0.167562 12 0.013964 

Total 0.469888 19 

Activities of ascorbate peroxidase in three varieties were highest at 1ST but in case 

ofRossio it was highest at 10°C. In case ofRossio though, there was a decline at SOC; 

the activity was still higher than control whereas in JS 335, JS 71-05 and NRC 37 the 

activities at SOC were lower than that of control (Table 5). 

Glutathione reductase (GR) also showed similar trend to that of the other enzymes 

with the maximum activities being at 15°C in three varieties and atlOOC in Rossio. 

However all varieties at higher glutathione reductase activities at YC than in control 

(Table 6). 
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Table 5: Effect of low temperature stress on ascorbate peroxidase activities m 
different varieties of soybean 

Temperature 
APOX activity ( Ll A 290 mg protein -I min -I) 

CC) 
Rossio JS 335 JS 71-05 

25 0.232±0.0 19 0.162±0.053 0.270±0.027 

20 0.546±0.064 0.284±0.022 0.420±0.034 

15 0.786±0.046 0.433±0.039 0.739±0.045 

10 0.896±0.052 0.360±0.017 0.530±0.048 

5 0.429±0.022 0.150±0.020 0.096±0.055 

CD( P= 0.05) treatments- 0.251 ; varieties - 0.230 
Average of three separate experiments; ± SE 

Table 5: A: Anova of data presented in Table 5 

Source of ss df MS F P-value 
Variation 

Rows 0.476977 4 0.119244 4.475411 0.019184 

Columns 0.232862 3 0.077621 2.913223 0.077938 

Error 0.319732 12 0.026644 

Total 1.029571 19 

NRC37 

0.567±0.030 

0.680±0.029 

0.717±0.077 

0.225±0.020 

0.240±0.018 

F crit 

3.259167 

3.490295 

Table 6: Effect of low temperature stress on glutathione reductase activities in 
different varieties of soybean 

Temperature GR activity ( J..LM NADH oxidized mg protein -I min -I) 

CC) Rossio JS335 

25 0.862±0.048 0.380±0.064 

20 2.280±0.170 2.460±0.178 

15 3.120±0.135 2.840±0.188 

10 3.740±0.314 1.500±0.116 

5 1.030±0.166 0.592±0.056 

CD( P= 0.05) treatments- 0.822; varieties -0.736 
Average ofthree separate experiments;± SE 

JS 71-05 NRC37 

0.880±0.074 0.788±0.072 

1.840±0.098 2.840±0.245 

2.480±0.175 3.620±0.227 

1.340±0. I 58 1.830±0.180 

0.412±0.032 1.630±0.169 
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Table 6 A: Anova of data presented in Table 6 

Source of ss df MS F P-value F crit 
Variation 
Rows 15.21911 4 3.804777 13.35138 0.000225 3.259167 

Columns 2.53895 3 0.846317 2.969818 0.074519 3.490295 

Error 3.419672 12 0.284973 

Total 21.17773 19 

Superoxide dismutase (SOD) activities also registered a decline after 15°C in three 

varieties and after 1 OOC in one variety (Table 7). 

Statistical analysis (Anova) revealed that among the five enzymes superoxide 

dismutase and glutathione reductase increased significantly at 20°C, 1 YC and lOOC 

whereas catalase activity decreased significantly at 15 OC inwards. 

Table 7: Effect of low temperature stress on SOD activities in different varieties of 

soybean 

Temperature SOD activity (EU mg protein -I ) 

CC) 

25 

20 

15 

10 

5 

Rossio JS 335 

0.132±0.0 14 0.080±0.009 

1.460±0.023 1.400±0.013 

1.800±0.012 1.560±0.010 

2.080±0.046 0.840±0.012 

0.680±0.012 0.240±0.009 

CD( P= 0.05) treatments- 0.469 ; varieties -0.419 
Average ofthree separate experiments;± SE 

Table 7 A: Anova of data presented in Table 7 

Source of 
Variation 

ss df MS F 

JS 71-05 NRC 37 

0.072±0.002 0.232±0.009 

0.880±0.024 1.960±0.012 

1.640±0.035 2.120±0.043 

0.480±0.014 1.720±0.025 

0.080±0.004 0.456±0.0 I 0 

P-value F crit 

Rows 8.121861 4 2.030465 21.928 I I.91E-05 3.259167 

Columns 1.545763 3 0.515254 5.564519 0.012557639 3.490295 

Error 1.111157 12 0.092596 

Total 10.77878 19 
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4.4.2. Time course dependent changes in enzyme activities 

Catalase activities showed an interesting trend. Initially, activity declined in all 

varieties upto 4 h, with the decline being very steep in Rossio and NRC 3 7. After 4 h, 

there was an increase in activity till 22 h in Rossio, and 16 h in NRC 37. In JS 335 

and JS 71-05, a sort of plateau was observed between 10-14 h and then there was a 

further decline (Fig. 6 A). 

In case of peroxidase activity, Rossio showed enhanced activity till 12 h, a decline 

thereafter and a further increase after 20 h. In all the other 3 varieties, activities 

initially increased till 6 h and then declined (Fig. 6 B). Ascorbate peroxidase activities 

also showed an initial decline till 4-6 h in all varieties. In all varieties activities further 

increased till 14- 18 h of treatment and declined again after that (Fig. 7 A). Glutathione 

reductase and superoxide disrnutase activities increased significantly in Rossio till 8-

1 0 h and then dc:::clined. In the other 3 varieties there was an initial increase in 

activities till 4-6 h following which there was a decline (Figs. 7 B and 8). 

4.5. Studies on antioxidative enzymes of Lens culinaris subjected to 

high temperatures 

Activities of all five tested antioxidative enzymes- POX, APOX, CAT, SOD and GR 

registered varying responses. CAT, APOX and SOD showed an initial increase till 

40'c -4s'c but declined at so'c in four varieties- IPL 406, IPL 81, Asha and Subrata 

while in Sehore and Lv it declined after 30·c or 35'c. Maximum activity of CAT 

was observed at 40 · C in all four varieties- IPL 406, IPL 81, Asha and Subrata, 

followed by a significant decline at 45'c and 50.C(Fig. 9A). Activities of POX 

showed a significant decline at all elevated temperatures in IPL 406, IPL 81, Asha and 

Subrata, while in the other two varieties- Sehore and L v there was an initial increase 

at 30'c before declining (Fig.9 B). APOX activities increased significantly in all six 

varieties initially. In Sehore, it declined after 30, C, while in Lv it declined after 35,C. 

In the other four varieties- IPL 406, IPL 81, Asha and Subrata, APOX activity 

continued to increase till 45'c after which a steep decline occurred at so·c. At so·c 
again, activities in all six varieties activities had fallen to a very low level (Fig.1 0 A). 

GR, on the other hand, declined in all six varieties at all elevated temperatures (Fig. 

10 B). In case of SOD also maximum activity was observed at 4o'c in four varieties

IPL 406, IPL 81, Asha and Subrata, which were significantly higher than that of 

control. However, in Sehore and Lv an initial increase at 30.Cwas followed by a 



• 

l.Z 

1 

O.l 

8 

-a-an.-
-+-NRC37 

t 2 4 6 I H U U U U H U U 
_..., .. , t rt 

85 

B 

Fig 6: A: Effect of low temperature stress on catalase activity in different varieties of 
soybean at different time intervals 

B: Effect of low temperature stress on peroxidase activity in different varieties 
of soybean at different time intervals. 
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Fig 7: A: Effect of low temperature stress on ascorbate peroxidase activity in 
different varieties of soybean at different time intervals 

B: Effect of low temperature stress on glutathione reductase activity in 
different varieties of soybean at different time intervals 
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Fig 8: Effect of low temperature stress on superoxide dismutase activity in different 
varieties of soybean at different time intervals 
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continuous decline till so'c (Fig. 11). ANOVA also revealed that treatment effects on 

different enzymes varied. In case of CAT, activities from 4o'c onwards were 

significantly different from those at 2o'c, 30·c and 35·c, while activities at 45·c and 

so·c were not significantly different. POX activities at 20·c and 3o·c were 

significantly different from those at higher temperatures while from 35.C onwards 

they were not significantly different among themselves. Activities of SOD and GR 

differed significantly between higher temperatures from 40·c onwards and those at 

temperatures upto 35.C. 

4.6. Isozymes analysis of antioxidative enzymes under temperature 

stress. 

4.6.1. High temperature 

Experiments were performed in three different varieties of lentil to determine whether 

elevated temperature stress could induce new isozymes of peroxidase and catalase. 

Analysis of isozymes was done on native PAGE and the bands were visualised using 

suitable chemical dyes as mentioned in materials and methods. 

In case of peroxidase, presence of three hands of Rm values 0.29, 0.46, 0.65,were 

recorded in control and one new band was observed in seedlings treated at 4o·c and 

45·c for 4 h with Rm values 0.83 in IPL 81 and 0.37, 0.78, 0.83 in case of IPL 

406.(Plate IX A, Table 8). 

Table 8: Relative mobility CRm) value of peroxidase isozymes of lentil seedlings 

subjected to high temperature 

Variety and 
Lane no. No. ofisozyme 

Rm value Treatments bands 
IPL81 

1 3 0.29, 0.46, 0.65 Control 
at 4o·c 2 4 0.29, 0.46, 0.65,0.83 
at 45·c 3 4 0.29, 0.46, 0.65,0.83 
IPL 406 

4 control 3 0.29, 0.46, 0.65 

4o·c 5 4 0.29, 0.46, 0.65,0.83 

45"C 6 5 0.29, 0.37, 0.46, 
0.65, 0.78 

45·c 
7 5 0.29, 0.37, 0.46, 0.65, 0.78 
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Fig. 9: A-Effect of high temperature stress on catalase activities of lentil varieties 
B- Effect ofhigh temperature stress on peroxidase activities of lentil varieties 
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Fig. 10: A -Effect of high temperature stress on ascorbate peroxidase activities of 
lentil varieties 

B - Effect of high temperature stress on glutathione reductase activities of 
lentil varieties 
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• 20"C • 30"C • 35"C 40"C so·c 

Fig. 11: Effect of high temperature stress on superoxide dismutase activities of lentil 
varieties 
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2 3 4 5 6 7 

Plate IX: A: Isozyme analysis of peroxidase in lentil leaves subjected to 
different temperatures. Lanes 1-3: IPL81 control; 40°C; 45°C, 
lanes 4-7: IPL 406 control; 40°C; 45°C; 45°C repeated. 
8: Isozyme analysis of catalase in lentil leaves subjected to different 
temperatures. Lanes 1-3: JPL81 control; 40°C; 45°C, lanes 4-7: 
IPL 406 control; 40°C; 45°C; 45°C repeated. 
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Catalase isozymes were also visualized in different varieties of lentil subjected to 

elevated temperatures. Two isozymes of catalase- CAT 1 and 2 could be visualized in 

this case, of which CAT 3 was most prominent. IPL 81 showed CAT 3 isozyme of Rm 

value 0.64 in leaves of control seedlings and Rm values 0.59,0.55 and CAT 2 of Rin 

value 0.33 and 0.34 in leaves of seedlings treated at 4o·c and 45·c respectively. In 

IPL 406 CAT 3 isozyme of Rm values 0.56, 0.58 and CAT 2 of Rm value 0.34 

observed in leaves of seedlings treated at 4o·c and 45•c compared to control plants. 

(Plate IX B, Table 9). 

Table 9: Relative mobility CRm) value of catalase tsozymes of lentil seedlings 
subjected to high temperatures 

Variety and 
Lane no. Rm value 

Treatments 

IPL81 
1 0.64 

Control 

at 4o·c 2 0.59,0.33 

at 45·c 3 0.55,0.34 

IPL 406 
4 0.59,0.34 

Control 

40"C 5 0.56,0.36 

4s·c 6 0.58,0.34 

45·c 7 0.58,0.34 

4.6.2. Low temperature 

Tricks Induction of new isozymes of peroxidase if any, was also tested in soybean at 

low temperatures. The result revealed that nine isozymes were observed in JS 335 

with Rm values 0.33, 0.40, 0.44, 0.58, 0.61, 0.68, 0.74, 0.81, 0.86 and five bands of 

peroxidase isozymes were observed in Rossio variety with Rm values 0.37, 0.44, 0.59, 

0.83 and 0.89. At 1o·c there was a suppression of few isozymes in Rossio but one 

prominent band with Rm values 0.39 at s·c and new bands ofRm values 0.63 and 0.77 

were observed in JS 335 at 1 o·c (Plate X A, Table 10 ). Expression of peroxidase 

isozymes by native PAGE was further tested in soybean (var. Rossio) at 5·c for 

different time interval (0-24h). The result revealed that a band of Rm value 0.63 was 
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Plate X: A:Analysis of peroxidase isozyme in soybean subjected to cold temperature 
treatments and lanes l-3:Rossio control, soc; l ooc respectively ;lanes 
4-7: JS 33S control; 5°C; 1 0°C; woe repeated respectively.B:Analysis of 
catalase isozyme in soybean subjected to cold temperature treatments 
Lanes 1-3: Rossio controi,5°C ~ W°C respectively ;lanes 4-7:JS 335 
control; soc; I 0°C; and control repeated respectively. C:Analysis of SOD 
isozyme in soybean subjected to cold temperature treatments and lanes 
1 -1. · Rn ...... io controL5 °C: 1 0°C resoectively;lanes4-7 :JS3 3 5 
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Plate XI: A and B : Peroxidase isozyme analysis by native PAGE in 
soybean leaves (Var. Rossio) subjected to temperature 
treatments at 5 oc for different hours A: lanes 1-7: treatments of 
12,1 0, 8, 6,4,2,0 hrs. respectively. B: lanes 1-7: treatments of 0 , 
14, 16, 18, 20, 22,24 hrs. respectively. 
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Table 12: Relative mobility (Rm) value of peroxidase isozymes of soybean seedlings 

(Var. Rossio) treated at 5•c for different hours 

Hours of treatment 
Lane no. 

No. of isozyme 
Rm value 

at SOC bands 

0 1 3 0.44, 0.62, 0.82 

14 2 4 0.44, 0.62, 0.82, 0.89 

16 3 4 0.44, 0.62, 0.82, 0.89 

18 4 4 0.44, 0.62, 0.82, 0.89 

20 5 4 0.44, 0.62, 0.82, 0.89 

22 6 4 0.44, 0.62, 0.82, 0.89 

24 7 4 0.44, 0.62, 0.82, 0.89 

In case of catalase,CA T2 isozyme was expressed in control of Rossio variety where as 

at lower temperature CAT 3 was expressed. However, in JS 3 3 5 in control itself CAT 

3 was very prominent which became lesser expressed at 5·c and 1 o·c (Plate X B 

Table 13). 

Table 13: Relative mobility (Rm) value of catalase isozymes of soybean seedlings 

subjected to low temperatures 

Treatments CC) Lane no. Rm value 

Rossio 1 0.29 

Control 

5 2 0.5,0.34 

10 3 0.52,0.32 

15 4 0.57,0.23 

JS335 5 0.5,0.29 
Control 

5 6 0.48,0.29 

10 7 0.57,0.36 



Expression of catalase isozymes by native PAGE was further tested in soybean (var. 

Rossio) at 5•c for different time interval (0-24h). The result revealed that CAT 3 band 

of Rm values 0.47, 0.37, 0.43, 0.49, 0.54, 0.34, 0.41, 0.49 and 0.34 was much 

expressed at S"C for 0, 2,4,6,8,14,18,20 and 22h respectively (Plate XII A and B, 

Table 14 and 15). 

Table 14: Relative mobility (Rm) value of catalase isozymes of soybean seedlings 

(Var. Rossio) treated at S"C for different hours. 

Hours of treatment at s·c Lane no. Rm value 

12 1 0.41,0.21 

10 2 0.37,0.63 

8 3 0.54 

6 4 0.49 

4 5 0.43,0.23 

2 6 0.37,0.19 

0 7 0.47,0.25 

Table 15: Relative mobility (Rm) value of catalase isozymes of soybean seedlings 

(Var. Rossio) treated at S"C for different hours. 

Hours of treatment at s·c Lane no. Rm value 

0 1 0.47,0.019 

14 2 0.34,0.17 

16 3 0.42,0.15 

18 4 0.41,0.22 
20 5 0.49,0.21 
22 6 0.34,0.16 

24 7 0.38,0.16 

Isozyme analysis of superoxide dismutase ( Rossio) revealed the presence of three 

isozyme bands of Rm values 0.06, 0.17, 0.28 in leaves of both control and seedlings 

treated at 5·c (Plate XC, Table 16). 
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Plate XII: A and 8: Catalase isozyme analysis by native PAGE in soybean 
leaves (Var. Rossio) subjected to temperature treatments at 5 °C for 
different hours; A: lanes 1-7: treatments of 12, 10, 8, 6,4,2,0 hrs. 
respectively. B: lanes 1-7: treatments ofO, 14, 16, 18, 20, 22,24 hrs. 
respectively. 
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Table 16: Relative mobility (Rm) value of SOD isozymes of soybean seedling 

subjected to low temperatures 

Treatments CC) Lane no. No. of isozyme bands Rm value 

Rossio 
Control 

3 0.056, 0.167, 0.278 

10 2 3 0.056, 0.167, 0.278 

15 3 3 0.056, 0.167, 0.278 

JS335 4 3 0.056, 0.167, 0.278 
Control 

10 5 
,., 0.056, 0.167, 0.278 .) 

15 6 3 0.056, 0.167, 0.278 

15 7 
3 0.056, 0.167, 0.278 

(Repeat) 

4.7. Changes in Hydrogen peroxide accumulation m seedlings 

subjected to elevated and low temperatures 

4.7.1. Hydrogen peroxide content in high and low temperatures stressed 

seedlings 

Accumulation of H20 2 showed an interesting trend. In the four varieties IPL 406, IPL 

81, Asha, and Subrata, there was initial decrease in accumulation until 40T, after 

which accumulation started increasing. In the two varieties of Sehore and Lv 

however, an increase accumulation was obtained at all high temperatures (Fig. 12A). 

Determination of level of H202 at different low temperatures revealed that with 

decrease in temperature, accumulation was enhanced, till 15·c in four varieties NRC 

37, JS 335, JS 71-05 and lOT in Rossio (Table 17). Accumulation ofH20 2 was also 

monitored for 24h and results taken every 2h. It was observed that in Rossio, two 

peaks were evident in the accumulation pattern- one at 6h and the other at 20h. In the 

other three varieties, after an increase till 6-8h there was decline (Fig. 12 B) and a 

further increase after 20h which was maintained till 24h. 
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Fig. 12: A: Effect of high temperature on hydrogen peroxide content in different 
varieties of lentil 

B: Effect of low temperature stress on hydrogen peroxide activity in 
different varieties of soybean at different time intervals. 
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Table 17: Accumulation of H202 m different varieties of soybean under low 

temperature stress 

Temperature H202 content ( JlM g fresh wt. tissue -l ) 

CC) Rossio JS335 JS 71-05 NRC37 

25 1.39±0.001 1.05±0.002 1.19±0.001 1.08±0.001 

20 1.64±0.002 1.20±0.001 1.57±0.002 1.16±0.002 

15 2.13±0.001 1.80±0.001 2.08±0.002 2.42±0.001 

10 2.52±0.002 1.80±0.002 1.70±0.002 1.84±0.004 

5 2.13±0.001 1.68±0.009 1.66±0.001 1.69±0.001 

Table 17 A: Anova of data presented in Table 17 

Source of ss df MS F P-value F crit 
Variation 
Rows 2.44413 4 0.611033 15.96949 9.46736E-05 3.259167 

Columns 0.564975 3 0.188325 4.921921 0.018669592 3.490295 

Error 0.45915 12 0.038263 

Total 3.468255 19 

4.7.2. Microscopic localization of hydrogen peroxide under temperature 

stress 

Localisation of hydrogen peroxide in the lamina of leaflet of lentil, as observed under 

compound microscope showed deeper staining indicating higher accumulation at high 

temperature stresses in all parts of the leaf lamina (tip, middle and base). Leaf base 

showed higher concentration of H202 in comparison to middle and tip (Plate XIII 

-XV). 

Localization of H202 in leaflet of low temperature treated soybean seedlings showed 

increase in accumulation of H202 with the decrease of temperature. Maximum amount 

of accumulation was microscopically observed in between 10-15 • C (Plate XVI). 
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Plate XIII: Hydrogen peroxide localisation by staining of leaflets and compound 
microscopy in lentil (Var. Asha): 1-9 :leaf apex; 10-18: middle; 19-27: leaf 
base; 1,10,19: control; 2,11,20: at 30°C; 3,12, 21: at 35°C; 4,13,22: 
40°C; 5,14,23 :45°C; 6,15,24: at 50°C; 7-9: leaf apex pre treated with SA, 
ABA, CaCl~ followed by lethal temperature respectively; 16-18: middle 
part of leaf pre treated with SA, ABA, CaC11 followed by lethal 
temperature respectively; 25-27: leafbase pre treated with SA, ABA, CaCl

1 

followed by lethal temperature respectively. 
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Plate XIV: Hydrogen peroxide localisation by staining of leaflets and compound 
microscopy in lentil (Var. Subrata): 1-9 :leaf apex; 10-18: middle; 19-27: 
leaf base; 1,10,19: control; 2,11,20: at 30°C; 3,12, 21: at 35°C; 
4,13,22:40°C; 5,14,23: 45°C; 6,15,24: at 50°C; 7-9: leaf apex pre treated 
with SA, ABA, CaCI1 followed by lethal temperature respectively; 16-18: 
middle part of leaf pre treated with SA, ABA. CaCI1 followed by lethal 
temperature respectively; 25-27 : leaf base pre treated with SA, ABA, - -- ... . .. .. ~ .. ~- ________ ._.:._. ___ ... . 
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Plate XV: Hydrogen peroxide localisation by staining of leaflets and compound 
microscopy in lentil (Var.IPL 81 ): 1-9 :leaf apex; 10-18: middle; 19-27: 
leaf base; 1,10,19: control ; 2,11,20 : at 30°C; 3,12, 21: at 35°C; 
4,13,22: 40°C; 5,14,23 :45°C; 6,15,24: at 50°C; 7-9: leaf apex pre treated 
with SA, ABA, CaCI~ followed by lethal temperature respectively; 16-18: 
middle part of leaf pre treated with SA, ABA, CaCI2 followed by lethal 
temperature respectively; 2S-27 : leaf base pre treated with SA, ABA, 
CaCl, follow d bv lethal temoerature resnectivelv. 
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Plate XVI: Hydrogen peroxide localisation by staining of leaves and compound 
microscopy; 1-5: Rossio, 6-10: JS 335, 11-15: JS 71-05, 16-20: NRC 3 7 

1,6,11,16: 25°C; 2,7,12,17: 20°C; 3,8,13,18: l5°C; 4,9,14,19: l0°C and 

5,10,15,20: soc respectively. 
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4.8. Variations in levels of non-enzymatic antioxidants in seedlings 

subjected to elevated and low temperature 

4.8.1. Carotenoid 

Carotenoid acts as an non enzymatic antioxidant and plays significant role in photo -

protection of chlorophyll molecules. Accumulation of carotenoids was studied in both 

high and low temperatures respectively as described earlier. 

4.8.1.1. High temperature 

Carotenoid increased initially at 30 and 35·c in tolerant varieties - Asha, Subrata, IPL 

81 and IPL 406 before declining. However in susceptible varieties -Sehore and Lv 

Carotenoid decreased from 3o·c itself (Fig 13). 

4.8.1.2. Low temperature 

Soybean shows increase in accumulation of carotenoid till 1o·c and declined at s·c 
in all varieties except in JS335 where the accumulation decreased after 1o·c 

(Table 18). 

Table 18: Effect of low temperature on carotenoid accumulation in different varieties 

of soybean 

Temperature Carotenoid content (mg g fresh wt.-1
) 

CC) Rossio JS335 JS 71-05 NRC37 

25 0.014 ± 0.001 0.038 ± 0.001 0.026 ± 0.001 0.017±0.001 

20 0.023 ± 0.001 0.049 ± 0.002 0.026 ± 0.001 0.020±0.001 

15 0.024 ± 0.001 0.023 ± 0.001 0.028 ± 0.001 0.022±0.001 

10 0.033 ± 0.001 0.020 ± 0.001 0.043 ± 0.001 0.032±0.001 

5 0.016 ± 0.001 0.019 ± 0.001 0.003 ± 0.001 0.016±0.001 

CD( P= 0.05) treatments - 0.06 ; varieties -0.05 
Average of three separate experiments; ± SE 

Table 18 A: Anova of data presented in Table 18 

Source of ss df MS 
Variation 

F P-value F crit 

Rows 0.009055 4 0.002264 1.487442 0.266828432 3.259167 

Columns 0.00393 3 0.00131 0.860733 0.487822934 3.490295 

Error 0.018264 12 0.001522 

Total 0.031249 19 
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Fig. 13: Effect of high temperature on carotenoids content in different varieties of 
lentil 
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Determination of time course accumulation showed that in Rossio and NRC 3 7 an 

increase in carotenoid accumulation was observed till 16-20h after which there was a 

decline, where as in JS 335 and JS 71-05 there was an initial decline till 8h followed 

by an increase then further decline after 14-18h (Table 19). 

Table19: Effect of low temperature stress on carotenoid content in different varieties 

of soybean at different time intervals. 

Hours of 
temperature 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

Carotenoid content ( mg g-1 fresh wt) 

Rossio 

0.014 ± 0.001 

0.020 ± 0.001 

0.020 ± 0.001 

0.020 ± 0.001 

0.041 ± 0.001 

0.050 ± 0.001 

0.072 ± 0.006 

0.081 ± 0.002 

0.090 ± 0.001 

0.040 ± 0.001 

0.011 ± 0.001 

0.011 ± 0.001 

0.011 ± 0.001 

JS335 

0.038 ± 0.001 

0.032 ± 0.001 

0.029 ± 0.001 

0.028± 0.001 

0.026 ± 0.001 

0.033 ± 0.001 

0.045 ± 0.001 

0.049 ± 0.001 

0.057 ± 0.002 

0.084± 0.002 

0.029± 0.002 

0.027± 0.001 

0.027± 0.001 

JS 71-05 

0.026± 0.001 

0.017± 0.002 

0.013± 0.001 

0.012± 0.002 

0.02± 0.003 

0.02± 0.003 

0.021± 0.001 

0.022± 0.001 

0.023± 0.001 

0.024± 0.001 

0.028± 0.002 

0.019± 0.001 

0.019± 0.001 

NRC37 

0.017±0.001 

0.017±0.001 

0.01S±0.001 

0.019±0.002 

0.021±0.002 

0.031±0.002 

0.042±0.002 

0.061±0.001 

0.029±0.002 

0.027±0.002 

0.027±0.002 

0.025±0.002 

0.025±0.002 

CD( P= 0.05) treatments- 0.029; varieties- 0.017. 

Average ofthree separate experiments;± SE; All treatment at YC 

Table 19 A: Anova of data presented in Table 19 

Source of 
Variation 

Rows 

Columns 

Error 

Total 

ss Df MS F P-value F crit 

0.010478 12 

0.004602 3 

0.015579 36 

0.030659 51 

0.000873 2.017813 0.051769913 2.032703 

0.001534 3.544539 0.023956052 2.866266 

0.000433 
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4.8.2. Ascorbate 

Antioxidants like ascorbate play important roles in amelioration of oxidative stress. In 

the present study ascorbate accumulation was determined in six varieties of lentil and 

four varieties of soybean subjected to high and low temperatures respectively. 

4.8.2.1. High temperature 

Ascorbate content in seedlings of different varieties of lentil showed initial increase in 

tolerant varieties - Asha, Subrata, IPL 81, and IPL 406. However abrupt decline was 

noticed in susceptible varieties- Lv and Sehore at high temperatures (Fig. 14). 

4.8.2.2. Low temperature 

Seedlings of soybean showed initial increase in ascorbate content upto 1 o·c in Rossio 

variety and up to 15"C in other three varieties- JS 335, JS 71-05 and NRC 37 

(Table 20). Time course accumulation showed initial increase up to 4h in Rossio and 

upto 6h in NRC 37 then declined at 24h; however initial decline was observed in 

JS335 and JS71-05 (Table 21). 

Table 20: Effect of low temperature on ascorbate content in different varieties of 

soybean 

Temperature Ascorbate content (mg g fresh wt -t) 

CC) Rossio JS335 JS 71-05 NRC37 

25 3.50 ± 0.012 3.43 ±0.024 

20 4.50 ± 0.052 3.98 ±0.015 

15 5.07 ± 0.003 4.30 ±0.070 

10 7.20 ± 0.031 3.25 ±0.010 

5 6.57 ± 0.052 1.25 ± 0.036 

CD ( P= 0.05) treatments- 1.6; varieties -1.5 
Average of three separate experiments; ± SE 

Table 20 A: Anova of data presented in Table 20 

Source of ss df MS Variation 

2.45 ± 0.023 

2.85 ± 0.036 

3.35 ± 0.009 

2.38 ± 0.032 

1.48 ± 0.027 

F P-value 

Rows 8.496445 4 2.124111 1.86655 0.181168607 

Columns 35.03101 3 11.677 10.2611 0.001244159 

Error 13.65586 12 1.137988 

Total 57.18331 19 

1.38 ± 0.021 

1.98 ± 0.007 

2.95 ± 0.001 

2.41 ± 0.001 

2.26 ± 0.008 

F crit 

3.259167 

3.490295 
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Fig. 14: Effect of high temperature on ascorbic acid contents in different different 
varieties of lentil 
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Table 21: Effect of low temperature stress on Ascorbate content in different varieties 

of soybean at different time intervals. 

Hours of Ascorbate content ( mg g·1 fresh wt) 
temperature 

Rossio JS335 JS 71-05 NRC37 

0 3.5 ± 0.012 3.43 ± 0.024 2.45 ± 0.023 1.38 ± 0.021 

2 4.91 ± 0.06 1.61 ± 0.012 1.48 ± 0.014 1.72 ± 0.012 

4 6.57 ± 0.05 1.25 ± 0.036 1.48 ± 0.027 2.26 ± 0.008 

6 5.83 ± 0.083 1.62± 0.003 1.21 ± 0.002 2.81 ± 0.031 

8 4.17 ± 0.019 1.02 ± 0.038 1.21 ± 0.009 2.30 ± 0.017 

10 2.77 ± 0.049 0.73 ± 0.003 1.03 ± 0.003 1.33 ± 0.006 

12 1.35 ± 0.011 0.4 ± 0.022 0.60 ± 0.005 5.02 ± 0.199 

14 0.85 ± 0.011 0.33 ± 0.003 0.92 ± 0.002 5.14 ± 0.073 

16 5.14 ± 0.007 0.14 ± 0.002 0.92 ± 0.002 5.72 ± 0.016 

18 8.16 ± 0.185 0.63 ± 0.005 1.52 ± 0.036 4.71 ± 0.004 

20 9.48 ± 0.209 0.32 ± 0.022 4.41 ± 0.011 0.73 ± 0.012 

22 8.95 ± 0.214 0.23 ± 0.005 3.50 ± 0.004 0.65 ± 0.069 

24 8.13 ± 0.165 0.23 ± 0.003 3.31 ± 0.004 0.59 ± 0.010 

CD( P= 0.05) treatments- 2.8; varieties -1.6 

Average of three separate experiments;± SE; All treatment at SOC 

Table 21 A: Anova of data presented in Table 21 

Source of ss df MS F 
Variation 

P-value F crit 

Rows 24.95757 12 2.079797 0.538062 0.875007559 2.032703 

Columns 143.8112 3 47.93705 12.40173 1.01 012E-05 2.866266 

Error 139.1526 36 3.865351 

Total 307.9214 51 
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4.9. Effect of elevated and low temperatures on total antioxidant 

activities 

Total antioxidant activity was measured in terms of percentage of inhibition ofDPPH. 

Measurement of total antioxidant activity at elevated temperatures in all six varieties 

revealed that, in the four varieties, IPL 406, IPL 81, Asha, Subrata, the highest 

antioxidant activity was obtained at a temperature of 4o·c, which was significantly 

higher than that of control, while in Sehore and Lv, a non significant increase in 

antioxidant activity was obtained at 3o·c and 35.C(Fig. 15). In the four tolerant 

varieties IPL 406, IPL 81, Asha and Subrata, exposure to 4o·c resulted in an almost 

doubling of free radical scavenging activity. 

In case of soybean antioxidant activity increased under temperature stress till 15-1 o·c 

(Table 22). Overall antioxidant activity during cold stress was significantly enhanced 

in comparison to control. Among the varieties, Rossio showed significantly higher 

activities than the others. 

Table 22: Antioxidant activities in different varieties of soybean exposed to low 

temperatures 

Temperature % inhibition of DPPH 

CC) Rossio JS 335 JS 71-05 NRC37 

25 18.34± 0.924 17.67±0.862 11.27±0.937 16.50±0.960 

20 26.30± 1.695 22.50±1.897 25.63±0.859 23.80±1.290 

15 31.51± 1.668 37.99±1.956 34.60±1.125 36. 90± 1.272 

10 40.35±1.069 28.53±1.582 22.20±1.156 29.60±1.035 

5 31.99±1.630 21.97±0.949 19.16±0.918 20.40±1.093 

CD( P= 0.05) treatments- 6.43; varieties -5.74 

Average of three separate experiments; ± SE 

Table 22 A: Anova of data presented in Table 22 

Source of ss df Variation MS F P-value 

Rows 851.6093 4 212.9023 12.23482 0.000339245 

Columns 128.6699 3 42.88995 2.464749 0.112423471 

Error 208.8161 12 17.40134 

Total 1189.095 19 
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?ig. 15: Effect of high temperature on % DPPH inhibition in different varieties of 
lentil 



115 

4.10. Effect of elevated and low temperatures on protein contents of 

seedlings 

4.10.1. High temperature in Lens culinaris 

Protein content in seeds and leaves were determined as described earlier in material 

and method. Result revealed that protein content of seeds varied with different 

varieties. Highest protein content was found in IPL 406 and lowest in that of Lv 

varieties (Table 23). Protein content in leaves showed initial increase up to 35°C in all 

varieties except in Subrata and Lv varieties where it increased up to 40°C then there 

was a rapid decline at 50°C (Table 24). 

Table 23: Protein content in seeds of different varieties of lentil 

Varieties Protein content(mg/g tissue) 

IPL 406 350 ± 0.003 

Sehore 330 ± 0.002 

IPL 81 340 ± 0.002 

Asha 147 ± 0.015 

Sub rata 128 ± 0.010 

Lv 98 ± 0.008 

Average of three separate experiments; ± SE 

Table 24: Effect of high temperature stress on accumulation of protein in different 

varieties of lentil leaves 

Varieties 
Protein content ( mg/g tissue) 

20°C 30°C 35oC 40°C 45°C sooc 

IPL 406 82.8±0.02 84 ± 0.03 175 ± 0.002 132 ± 0.004 35.6 ± 0.004 35.7 ± 0.003 

Sehore 74.4±0.012 75 ± 0.012 150 ± 0.006 106 ± 0.012 31 .9 ± 0.002 28.1 ± 0.01 

IPL81 126±0.Ql2 102 ± 0.009 150 ± 0.003 138 ± 0.006 71 .6 ± 0.003 20 ± 0.002 

Ash a 56± 0.01 84 ± 0.015 127 ± 0.002 102±0.01 31.88 ± 0.01 27.1 ± 0.002 

Sub rata 61.3 ± 0.004 77 ± 0.006 110.7±0.006 120 ± 0.002 28.1±0.009 21.4±0.001 

Lv 86.66±0.0 15 56± 0.012 65.33± 0.01 98.4± 0.01 37 ± 0.045 24 ± 0.002 

Table 24 A: Anova of data presented in Table 24 

Source of ss df MS F P-value F crit 
Variation 
Rows 49933.38 5 9986.676 31.74853 4.65119E-IO 2.602987 
Columns 6586.299 5 1317.26 4.187685 0.006682772 2.602987 
Error 7863.89 25 314.5556 
Total 64383.57 35 
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4.10.2. Low temperature in Glycine max 

Protein content at low temperature was determined in Glycine max as described 

earlier in materials and methods. Results revealed that protein content in seeds varied 

with different varieties. Interestingly seeds of cold tolerant varieties Rossio and NRC 

35 showed high protein content (Table 25). Protein content in seedling decreased upto 

5·c in all three varieties except in Rossio where it decreased up to 10·c then again 

increased at 5"C (Table 26). 

Table 25: Protein content in different varieties of soybean seeds 

Varieties 

Rossio 

JS 335 

JS 71-05 

NRC37 

Protein content(mg/g tissue) 

290 ± 0.009 

280 ± 0.006 

245 ± 0.007 

290 ± 0.006 

Average of three separate experiments; ± SE 

Table 26: Accumulation of protein in leaves of different varieties of soybean at 

different temperature stress 

Temperature Protein content ( mg I fresh wt) 
("C) Rossio JS335 JS 71-05 NRC37 

25 134±0.03 248±0.01 240±0.003 192±0.002 

20 130±0.04 240±0.02 235±0.002 182±0.012 

15 120±0.01 162±0.01 150±0.01 180±0.012 

10 102±0.01 180±0.003 150±0.02 120±0.01 

5 157±0.03 104±0.003 102±0.02 104±0.01 

CD( P= 0.05) treatments- 52.34 ; varieties- 46.81 

Average of three separate experiments; ± SE 

Table 26 A: Anova of data presented in Table 26 

Source of ss df MS Variation F P-value F crit 

Rows 16081.3 4 4020.32 3.48354 0.041452551 3.259167 
Columns 13451.4 3 4483.8 3.885133 0.037516691 3.490295 
Error 13849.1 12 1154.092 

Total 43381.8 19 
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Pattern of protein accumulation in seedlings of soybean over the period of stress 

varied among the four varieties. In 3 of the varieties, a decrease in protein 

accumulation was evident till 14-16 h after which there a slight increase followed by 

further decline. However, in Rossio, an increase in accumulation was evident initially 

till 6 h followed by a decline and another peak was obtained at 20 h of cold treatment 

(Table 27). 

Table 27: Effect of low temperature stress on accumulation of protein in leaves and 

roots of different varieties of soybean at different time intervals 

Hours of Protein content ( mglg tissue ) 
treatment Rossio JS335 JS 71-05 NRC37 

0 134±0.03 148±0.01 240±0.003 192±0.001 

2 151±0.01 120±0.003 224±0.003 164±0.004 

4 157±0.03 112±0.03 200±0.02 160±0.01 

6 169±0.02 108±0.002 1.24±0.002 152±0.003 

8 129±0.04 92±0.01 100±0.01 134±0.003 

10 113±0.01 76±0.01 84±0.003 12.4±0.003 

12 163±0.01 72±0.003 76±0.003 116±0.003 

14 130±0.01 192±0.001 52±0.01 116±0.01 

16 200±0.01 224±0.003 84±0.01 200±0.004 

18 200±0.002 240±0.001 160±0.01 200±0.01 
20 2.50±0.002 256±0.01 184±0.01 168±0.003 
22 120±0.001 256±0.003 216±0.002 208±0.003 
24 170±0.002 240±0.003 168±0.01 240±0.01 

CD( P= 0.05) treatments- 53.8; varieties -29.8 

Average of three separate experiments;± SE; All treatment at s·c 

Table 27 A: Anova of data presented in Table 27 

Source of ss Variation df MS F P-value F crit 

Rows 13925.5 12 1160.458 0.823961 0.625570488 2.032703 

Columns 24926.46 3 8308.821 5.899517 0.002206674 2.866266 

Error 50702.04 36 1408.39 

Total 89554 51 
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4.11. SDS -PAGE analysis of proteins of temperature stress seedlings 

Protein profile was analysed by SDS- PAGE in different varieties of seeds and 

seedlings of lentil and soybean. Results revealed that the protein synthesis in seeds of 

all six varieties of lentil showed similar type of protein profile having molecular 

masses of 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 26.4, 29, 34.6, 44, 67 and 98 

Kda in all five varieties (Subrata, Lv, Sehore, IPL 81 and IPL 406) except in Asha 

where protein of molecular mass 98 Kda was not expressed (Plate XVII A, Table 28). 

Seedlings of lentil subjected to elevated temperatures showed an expression of new 

protein bands and suppression of certain existing bands at elevated temperatures. In 

Asha variety at 30·c and 35·c and in Subrata at 40- 5o·c new bands having 

molecular masses of 2.46, 30.9, 11.7, 13.5, 21.7, 24.4, 36.6, 62.4 and 98 Kda were 

observed (Plate XVII B, C and D, Table 29). 

SDS-P AGE analysis in different varieties of soybean seeds showed total 10 bands 

with molecular masses of 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67, 73.2 Kda 

except in NRC 37 where only 8 bands were observed having molecular masses of 

11.7, 13.5, 19.6, 20.97, 25.07, 44, 67,73.2 Kda (Plate XVIII A, Table 30). 

Table 28: SDS-PAGE analysis of lentil seed proteins 

Source of Lane No. of protein 
Approx. molecular masses (kDa) 

protein No. bands 

Asha 
1 13 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4, 29, 34.6, 44 and 67 

Subrata 
2 14 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4, 29, 34.6, 44, 67 and 98* 

Lv 
3 14 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4,29, 34.6, 44, 67 and 98 

Sehore 
4 14 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4,29, 34.6, 44, 67 and 98 

IPL81 
5 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4,29, 34.6, 44, 67 and 98 

IPL 406 
6 1.8, 5.5, 8.6, 11.07, 12.9, 16.7, 19.6, 25.07, 

26.4,29, 34.6, 44, 67 and 98 

*New bands 
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Plate XVII: SDS-PAGE analysis of proteins from seeds: A and 
Seedlings: B,C & D of lentil; A: Lanes 1-6: varieties 
Asha, Subrata, Lv, Sehore, IPL 81, IPL 406; 8: Lanes 
I-3:Asha control, 30°C;35°C respectively, lanes 4-7: 
Subrata control,30°C; 35°C, 35°C repeated 
respectively; C: Subrata at 40 oe; D: Subrata at 45°C 
and50°C. 
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Table 29: SDS-P AGE analysis of lentil seedling proteins 

Source of Lane No. of protein Approx. molecular masses ( kDa ) 
protein No. bands 

Asha (control) 1 10 
3.7, 9.2, 16.7, 18.1, 28.5, 40.3, 57.8, 
79.4, 82.8, 119.7 

Asha ( at 30°C) 2 11 
2.46*, 3.7, 9.2, 16.7, 18.1, 28.5, 40.3, 
57.8, 79.4, 82.8, 119.7 

Asha ( at 35°C) 3 12 
2.46*, 3.7, 9.2, 16.7, 18.1, 28.5, 30.9*, 
40.3, 57.8, 79.4, 82.8, 119.7 

Sub rata 
4 11 

2.46, 3.7, 9.2, 16.7, 18.1, 28.5, 40.3, 
(control) 57.8, 79.4, 82.8, 119.7 

Subrata (30oC) 5 10 
2.46*, 9.2, 16.7, 18.1, 28.5, 40.3, 57.8, 
79.4, 82.8, 119.7 

Subrata(35°C) 6 12 
2.46*, 3.7, 9.2, 16.7, 18.1, 28.5, 30.9*, 
40.3, 57.8, 79.4, 82.8, 119.7 

Subrata(35°C 
7 12 

2.46*, 3.7, 9.2, 16.7, 18.1, 28.5, 30.9*, 
rept.) 40.3, 57.8, 79.4, 82.8, 119.7 

Subrata(40oC) 8 12 
6.2, 9.2, 11.7*, 13.5*, 16.7, 18.1, 
21.7*, 24.4*, 28.5, 34.6*, 62.4*, 79.4. 

Sub rata( 45oC) 9 10 
0.615, 9.2, 13.5, 16.7, 18.1, 28.5, 34.6, 
62.4, 79.4, 98* 

Subrata(50°C) 10 11 
0.615, 7.4, 13.5, 16.7, 18.1, 28.5, 34.6, 
62.4, 79.4, 98* 

*New bands 

Table 30: SDS-PAGE analysis of soybean seed proteins 

Source of Lane No. of 
protein No. protein Approx. molecular masses ( kDa ) 

bands 

Rossio 1 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1' 40.3, 44, 67,73.2 

JS 335 2 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67,73.2 

JS 71-05 3 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67,73.2 

NRC37 4 8 11.7, 13.5, 19.6, 20.97, 25.07, 67, 73.2 

Rossio 5 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67,73.2 
(Repeat) 

JS335 6 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67,73.2 
(Repeat) 

JS 71-05 7 10 11.7, 13.5, 19.6, 20.97, 25.07, 27.1, 40.3, 44, 67,73.2 
(Repeat) 
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Seedlings of soybean treated at 5·c for different time period showed increased in 

expression of some new proteins having molecular masses of 85.6 and16 at 16h and 

22h respectively (Plate XVIII B, Table 31 ). Some new bands of protein was also 

observed at 15·c and 1o·c having molecular masses of 1.2, 2.5, and 53.2 Kda (Plate 

XVIII C, Table 31 ). SDS-PAGE analysis was also performed in other varieties of 

soybean rather than Rossio, some new proteins were observed in NRC 37 at S"C 

having molecular masses 5.5, 7.4, 10.6, 79.4Kda and in JS 335 having molecular 

masses of 79.4Kda and 91.8Kda at 5·c and molecular masses of 1.23Kda and 16Kda 

at 1 o·c (Plate XVIII D and E, Table 32). 

Table 31: SDS-PAGE analysis of proteins from soybean seedling at S"C for different 

hrs., 1o·c and 15·c 

Treatments Lane No. 

Molecular wt. 1 
marker 

Control 2 

3 

18 h 4 

20 h 5 

22 h 6 

24 h 7 

1 

2 

*New band 

No. of 
protein 
bands 

5 

15 

16 

15 

14 

16 

16 

10 

10 

Approx. molecular masses ( kDa ) 

16,29,44,67,98 

3.7, 7.9, 8.6, 9.2, 9.8, 12.9, 17.4, 
20.3, 22.3, 24.4, 26.4, 34.6, 76.3, 
98.9, 113.5 

3.7, 7.4, 8.6, 9.8, 12.9, 14.2, 17.4, 
20.3, 22.3, 24.4, 26.4, 34.6, 76.3, 
85.6*, 98.9, 113.5 

3.7, 7.4, 8.6, 9.8, 12.9, 14.2, 17.4, 
20.3, 22.3, 24.4, 34.6, 76.3, 85.6, 
91.8, 113.5 

3.7, 7.9, 8.6, 12.9, 14.2, 17.4, 20.3, 
22.3, 24.4, 34.6, 76.3, 85.6, 91.8, 
113.5 

3.7, 7.4, 8.6, 9.8, 12.9, 16*, 16.7, 
17.4, 20.3, 22.3, 24.4, 34.6, 76.3, 
85.6, 91.8, 113.5 

3.7, 7.4, 8.6, 9.8, 12.9, 16*, 16.7, 
17.4, 20.3, 22.3, 24.4, 34.6, 76.3, 
85.6, 91.8, 113.5 

1.2*, 2.5*, 8.6, 9.8, 12.9, 16, 26.4, 
34.6, 38.4, 53.2* 

1.2*, 2.5*, 8.6, 9.8, 12.9, 16, 26.4, 
34.6, 38.4, 53.2 
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Plate XVIII: SDS-PAGE analysis of proteins from seeds: A and Seedlings: 
B,C,D&E of soybean A: Lanes 1-4 : Varieties Rossio; JS 
335;JS7l-05; NRC 37 respectively, Lanes 5-7: Rossio; JS 
335; JS71-05 repeated. 8: Lanes 1-7: treatments Marker; 
control ; 16; 18; 20;22; 24 h respectively in Rossio. C: Lanes 
land 2:15C, IOC respectively. D: Lanesl-6 : NRC 37 
control, 5"C, JS 71-05 control, 5 C, JS 335 control, 5 C; 
E: Lanes 1 and 2:JS 335 I 0 C and 15 C. 
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Table 32: SDS-PAGE analysis of soybean seedling proteins at YC 

Treatments Lane 
No. of 

protein Approx. molecular masses ( kDa ) 
and Varieties No. bands 
NRC37 1 8 3.7, 17.4, 20.9, 23, 26.4, 32.8, 40.25, 62.4 
(Control) 
NRC37 2 12 

3.7, 5.5*, 7.4*' 10.6*' 17.4, 20.3, 20.9, 23, 

(at SOC) 26.4, 32.8, 62.4, 79.4* 

JS 71-05 
3 11 

3.7, 5.5, 7.4, 10.6, 17.4, 20.3, 20.9, 23, 26.4, 

(Control) 32.8, 62.4 

JS 71-0S 
4 11 

3.7, 5.5, 7.4, 10.6, 17.4, 20.3, 20.9, 23, 26.4, 

(at SOC) 32.8, 62.4 

JS33S 
5 11 

3.7, 5.5, 7.4, 10.6, 14.8' 17.4, 20.3, 20.9, 

(Control) 23, 26.4, 32.8 

JS33S 
6 12 

3.7, 5.5, 7.4, 10.6, 14.8, 17.4, 20.9, 23, 
(at SoC) 26.4, 32.8, 79.4*' 91.8* 
JS33S 

7 10 
1.23*, 3.7, 7.4, 10.6, 16 *, 20.9, 26.4, 32.8, 

(at lOoC) 38.4, 79.4 
JS33S 

8 9 
1.23, 3.7, 7.4, 10.6, 16*, 20.9, 26.4, 32.8, 

{at 1SOC} 38.4, 79.4 

*New bands 

4.12. Changes in phenolic contents and profile in temperature 
stressed seedling 

4.12.1. Phenolic contents 
Phenolic compounds have beneficial effect as they act as natural antioxidants which 

help to neutralize free radicals. They are known to play important roles during a 

plant's metabolic response to stress. Besides total phenols, o-dihydroxy phenols also 

are important antioxidants. Hence, both total and o- dihydroxy phenol accumulation 

were studied in the present work. 

4.12.1.1. Elevated temperatures 

At elevated temperatures total phenol and o-dihydroxy phenol showed similar trend in 

different varieties of lentil. Phenol content was initially increased and then declined 

after 4o·c in all varieties except in Asha and Subrata where there was a slight 

increase at 5o·c (Fig. 16). 

4.12.1.2. Low temperatures 

Quantification of phenolics m soybean at low temperature revealed varietal 

difference. Total phenol content in JS 71-05 and NRC 37 showed initial decline and 
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Fig. 16: Phenol content in Lentil seedlings subjected to high temperature treatments 
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an increase after 1 o·c. 0- dihydroxy phenol increased upto 1 o·c in JS 71-05 then 

declined. However in Rossio, total phenol declined upto 1 o·c then abruptly increased 

at 5·c, whereas o- dihydroxy phenol declined with decrease of temperature. In case of 

JS 335 initial increase of phenol content was observed then declined (Fig. 17). Time 

course accumulation showed total phenol increased initially in all four tested varieties, 

followed by a decline and another increase following longer duration of stress. 

However, while in JS 335, JS 71-05 and In NRC 37, decline stared after 4-6h, in 

Rossio it was maintained til110h. (Table 33). 

Table 33: Effect of low temperature stress on total phenol content in different 

varieties of soybean at different time intervals 

Hours of Total phenol content ( mg g-1 fresh wt) 
treatment Rossio JS 71-05 JS335 NRC37 

0 2.2±0.02 3.4±0.03 2.1±0.02 2.1±0.01 

2 2.4±0.03 3.8±0.02 2.4±0.02 2.8±0.02 

4 2.5±0.02 2.5±0.01 2.3±0.02 2.0±0.02 

6 2.6±0.02 2.8±0.01 2.9±0.01 2. 2±0.03 

8 3.6±0.02 2.0±0.04 1.7±0.02 2.6±0.01 

10 4.4±0.02 1.8±0.02 0.7±0.01 1.8±0.04 

12 3.0±0.03 1.9±0.02 1.6±0.01 1.3±0.02 

14 2.4±0.01 3.9±0.01 1.4±0.04 1.4±0.03 

16 2.0±0.01 4.0±0.01 2.8±0.02 1.8±0.02 

18 1.9±0.01 5.3±0.04 3.5±0.02 2.8±0.01 

20 1.8±0.01 4.4±0.02 3.9±0.03 3.4±0.01 

22 2.7±0.02 3.4±0.02 3.3±0.02 4.7±0.02 

24 2.6±0.01 2.9±0.03 2.9±0.05 3.6±0.03 

CD( P= 0.05) treatments- 1.28 ; varieties- 0.50 

Average of three separate experiments;± SE; All treatments at 5·c 

Table 33 A: Anova of data presented in Table 33 

Source of ss df MS 
Variation 

F P-value F crit 

Rows 11.74541 12 0.978784 1.235142 0.298272077 2.032703 

Columns 5.305006 3 1.768335 2.231489 0.101254946 2.866266 

Error 28.52807 36 0.792446 

Total 45.57848 51 
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Fig. 17: Phenol content in Soybean seedlings subjected to high temperature 
treatments 
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4.12.2. HPLC profile of phenols 

In order to determine whether it would be possible to identify source of the phenols, 

HPLC analysis was carried out described in materials and methods. In IPL 81 control 

there are two peak first one corresponding to salicylic acid. At all higher temperatures 

this peak was much reduced but two additional peaks were appeared. The peak with 

the retention time of 5rnins was prominent in all the temperatures treated samples in 

relation to control (Fig.18 & 19A). However 406 control, the second peak with 

approximately retention time of 5.5 mins was very prominent (Fig. 19 B,C and Fig. 

20). Similar profile was obtained for all four samples. In this case with no significant 

differences due to temperature treatments. Move of the peaks, except salicylic acid, 

con:esponded with tested authentic phenols and compound with authentic phenols 

such as salicylic acid, catechol, chlorogenic acid etc. 

4.13 Changes in free proline in seedlings subjected to variable 

temperatures 

Accumulation of free proline was studied in both the plants under high and low 

temperature treatments. Results are presented below: 

4.13.1. Lentil 

Accumulation of proline varied with the different varieties. Proline content showed 

initial increase in accumulation in all varieties but subsequently there was a decline. 

The temperature at which proline content declined was dependent on the varieties. At 

higher temperatures also high accumulation was noted in certain varieties (Table 34). 

Table 34: Effect of high temperature on proline content in different varieties of lentil 

Varieties 
Proline content ( mg g tissue'1) 

20°C 30°C 35°C 40°C 45°C sooc 
IPL406 0.20±0.05 0.63±0.04 0.73±0.07 0.45±0.04 0.34±0.03 0.33±0.04 

Sehore 0.10±0.03 0.35±0.02 0.25±0.01 0.25±0.05 0.25±0.01 0.1 9±0.01 

IPL81 0.16±0.04 0.16±0.06 0.23±0.03 0.29±0.02 0.58±0.06 0.46±0.02 

Asha 0.12±0.01 0.33±0.009 0.33±0.009 0.12±0.004 0.17±0.004 0.21±0.003 

Sub rata 0.10±0.006 0.23±0.006 0.22±0.002 0.19±0.006 0.21±0.002 0.41±0.004 

Lv 0.20±0.004 0.67±0.009 0.45±0.009 0.37±0.02 0.22±0.003 0.20±0.002 

CD( P= 0.05) treatments- 0. I 5 ; varieties- 0. I 5 
Average ofthree separate experiments;± SE 
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Table 34 A : Anova of data presented in Table 34 

Source of 
Variation 

ss df MS F P-value F crit 

Rows 0.219446 5 0.043889 2.665248 0.046004275 2.602987 

Columns 0.240561 5 0.048112 2.921701 0.032752112 2.602987 

Error 0.411679 25 0.016467 

Total 0.871686 35 

4.13.2. Soybean 

The present study showed an increase in proline accumulation with the decrease of 

temperature in Rossio and JS 335 where as in NRC 37 and JS 71-05 there was a 

decline till15°C after which there was further increase (Table 35). 

Table35: Effect of low temperature stress on proline content in different varieties of 
soybean 

Temperature Proline content (mg g tissue -l ) 

CC) Rossio JS 335 JS 71-05 NRC37 

25 0.188±0.009 0.27±0.004 0.187±0.004 0.288±0.006 

20 0.23±0.009 0.28±0.007 0.188±0.007 0.13±0.003 

15 0.213±0.009 0.313±0.022 0.163±0.003 0.08±0.022 

10 0.313±0.012 0.4±0.003 0.188±0.008 0.344±0.009 

5 0.438±0.018 0.53±0.003 0.413±0.013 0.50±0.01 

CD( P= 0.05) treatments- 0.09 ; varieties- 0.08 

Average of three separate experiments; ± SE 

Table 35: A: Anova of data presented in Table 35 

Source of ss df MS F P-value Variation F crit 

Rows 0.217305 4 0.054326 14.37546 0.000157998 3.259167 

Columns 0.046726 3 0.015575 4.121422 0.031779996 3.490295 

Error 0.045349 12 0.003779 

Total 0.30938 19 
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4.14. Effect of temperature treatments on chlorophyll contents 

4.14.1. Lentil 

Total chlorophyll content showed an initial increase then decline in Asha, Subrata, 

Lv, IPL 81. IPL406 recorded an increase in total chlorophyll content at 40°C which 

then declined. However greater decrease of total chlorophyll content was observed in 

susceptible variety like Sehore (Table 36). 

Table 36: Effect of high temperature on total chlorophyll content in different varieties 

of lentil 

Temperature Total chlorophyll content ( mg g-1 fresh wt. tissue) 
(C) 

Ash a Subrata Lv IPL 406 Sehore IPL81 

20 
0.845 0.710 1.138 0.365 0.999 0.583 

:±:0.025 ±0.012 ±0.046 ±0.009 ±0.02 ±0.038 

30 0.870 1.108 1.185 0.337 0.293 1.05 
±0.032 ±0.017 ±0.043 ±0.01 ±0.009 5±0.306 

35 0.369 0.915 1.013 0.167 0.610 1.439 
:±:0.01 ±0.007 ±0.036 ±0.005 ±0.013 ±0.065 

40 0.974 0.759 0.886 1.951 0.640 0.709 
±:0.03 ±0.021 ±0.026 ±0.306 ±0.012 ±0.006 

45 0.318 0.466 0.645 0.149 0.138 0.864 
±0.007 ±0.002 ±0.018 ±0.003 ±0.007 ±0.024 

50 0..190 0.265 0.112 0.100 0.062 0.442 
±0.005 ±0.006 ±0.005 ±0.012 ±0.002 ±0.006 

CD( P= 0.05) treatments- 0.42; varieties- 0.42 

Average ofthree separate experiments;± SE 

Table 36 A: Anova of data presented in table 36 

Source of ss df MS F P-value F crit 
Variation 

Rows 2.512672 5 0.502534 3.983377 0.008548679 2.602987 

Columns 0.803379 5 0.160676 1.273609 0.306287998 2.602987 

Error 3.153947 25 0.126158 

Total 6.469999 35 



133 

Chlorophyll a and b also increased initially before declining at higher temperatures. 

Sehore recorded a continuous decline in chl a and b with the increase of temperature 

(Table 37). 

Table 37: Effect of high temperature on chlorophyll-a & chlorophyll -b content in 

different varieties of lentil 

Varieties Treatments Chi a Chi b 
CC) (mg g- 1 fresh wt. tissue} (mg g-1 fresh wt. tissue} 

IPL 406 20 0.252 ±0.01 0.113±0.01 
30 0.235±0.01 0.103±0.01 
35 0.512±0.01 0.153±0.002 
40 1.389±0.14 0.561±0.04 
45 0.130±0.012 0.153±0.01 
50 0.082±0.001 0.019±0.03 

Sehore 20 0.715±0.01 0.284±0.03 
30 0.640±0.02 0.250±0.004 
35 0.467±0.004 0.311±0.03 
40 0.424±0.01 0.210±0.002 
45 0.136±0.00 1 0.002±0.002 
50 0.057±0.001 0.005±0.001 

IPL81 20 0.396±0.02 0.187±0.01 
30 0.782±0.03 0.273±0.01 
35 1.003±0.006 0.436±0.01 
40 0.520±0.03 0.190±0.01 
45 0.664±0.034 0.200±0.01 
so 0.321±0.01 0.120±0.004 

Ash a 20 0.511±0.02 0.331±0.006 
30 0.393±0.02 0.470±0.013 
35 0.254±0.003 0.114±0.002 
40 0.710±0.01 0.264±0.01 
45 0.233±0.006 0.008±0.001 
50 0.143±0.001 0.041±0.003 

Sub rata 20 0.450±0.02 0.260±0.005 
30 0.693±0.04 0.41±0.003 
35 0.463±0.009 0.453±0.03 
40 0.565±0.03 0 .191±0. 006 
45 0.327±0.017 0.190±0.02 
50 0.] 26±0.003 0.130±0.002 

Lv 20 0.642±0.02 0.496±0.02 
30 0.823±0.02 0.361±0.005 
35 0.739±0.009 0.293±0.008 
40 0.675±0.02 0.211±0.013 
45 0.404±0.011 0.240±0.006 
50 0. 099±0.003 0.011±0.001 

CD (P-0.05) Tr.0.27 Tr.0.15 
Var. 0.27 Var. 0.15 

Average of three separate experiments: ±SE 
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Table 37 A: Anova of data presented in Table 37 (Chlorophyll a) 

---------~--~-----~--

Source of ss df MS F P-value F crit 
Variation 

Rows 1.32086 5 0.264172 4.970443 0.002696722 2.602987 

Columns 0.271508 5 0.054302 1.021695 0.426130137 2.602987 

Error 1.328715 25 0.053149 

Total 2.921083 35 

Table 37 B: Anova of data presented in Table 37 (Chlorophyll b) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.328275 5 0.065655 4.19762 0.006603896 2.602987 

Columns 0.051021 5 0.010204 0.652399 0.662412914 2.602987 

Error 0.391025 25 0.015641 

Total 0.770322 35 

4.14.2. Soybean 

Photosynthetic pigments like total chlorophyll, chlorophyll a and chlorophyll b were 

analysed and the result revealed that in all varieties of soybean total chlorophyll 

content declined with the decrease of temperature. Significant decline was also 

observed in the level of chlorophyll a. Chlorophyll b also showed similar decline in 

all varieties of soybean except in Rossio and NRC 35, where there was a slight 

increase in chlorophyll b pigment at YC (Table 38). 
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Table 38: Comparison of Chlorophyll content in different varieties of soybean at 

different temperature stress. 

Varieties Treatments Chlorophyll contents ( (mg g-1 fresh wt. tissue) 

(OC) Total Chi Chi a Chi b 

25 0.510±0.015 0.354±0.008 0.154±0.01 

20 0.438±0.019 0.301±0.006 0.137±0.005 

Rossio 15 1.501±0.192 1.02±0.052 0.505±0.027 

10 0.96±0.062 0.67±0.038 0.292±0.015 

5 0.95±0.049 0.531±0.039 0.418±0.021 

25 2.12±0.045 1.590±0.110 0.628±0.021 

JS 335 20 1.51±0.160 0.934±0.020 0.572±0.033 

15 0.14±0.009 0.090±0.009 0.047±0.004 

10 0.09±0.009 0.061±0.003 0.027±0.005 

5 0.65±0.020 0.418±0.001 0.227±0.011 

25 1.03±0.052 0.68±0.029 0.354±0.042 

JS 71-05 20 1.84±0.111 1.84±0.094 0.62±0.029 

15 0.59±0.012 0.441±0.035 0.159±0.002 

10 1.31±0.173 0.910±0.026 0.39±0.038 

5 1.25±0.078 0.863±0.028 0.387±0.036 

25 0.70±0.029 0.4 72±0. 0 12 0.227±0.008 

NRC37 20 0.878±0.059 0.521±0.011 0.357±0.025 

15 6.301±0.362 4.150±1.18 2.15±0.184 

10 1.23±0.095 0.877±0.039 0.352±0.043 

5 1.18±0.115 0.4 99±0. 046 0.684±0.051 

CD (P = 0.05) Tr. 2.15 Tr. 1.51 Tr. 0.72 
Var. 1.93 Var. 1.35 Var. 0.64 

Average of three separate experiment: ±_SE 

Table 38 A: Anova of data presented in Table 38 (Total chlorophyll ) 

Source of ss df MS F P-value 
Variation 

F crit 

Rows 3.979711 4 0.994928 0.50963 0.729948364 3.259167 

Columns 4.592396 3 1.530799 0.784119 0.525422557 3.490295 

Error 23.42704 12 1.952253 

Total 31.99915 19 
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Table 38 B: Anova of data presented in table 38 (Chlorophyll a) 

Source of ss df MS F P-value F crit 
Variation 

Rows 1.844855 4 0.461214 0.480002 0.750117314 3.259167 

Columns 1.719364 3 0.573121 0.596468 0.629333905 3.490295 

Error 11.5303 12 0.960858 

Total 15.09452 19 

Table 38 C: Anova of data presented in table 38 (Chlorophyll b) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.465817 4 0.116454 0.533091 0.714108759 3.259167 

Columns 0.703209 3 0.234403 1.073023 0.397173047 3.490295 

Error 2.621412 12 0.218451 

Total 3.790439 19 

4.15. Effect of chemical pre-treatments followed by lethal 

temperature treatment in lentil seedlings 

Morphological observations revealed that the wilting symptoms induced by treatment 

at 50°C was ameliorated by the pre-treatments (Plates XIX and XX). Since there are 

previous reports of the ability of certain chemicals to ameliorate the effect of lethal 

temperatures, in the present study few chemicals were selected as pre treatment ones 

i.e., salicylic acid (SA), abscisic acid (ABA), calcium chloride (CaCb). 

4.15.1. Effect of on antioxidant enzymes, antioxidants and lipid peroxidation of 

membranes 

Pre treatments of seedlings with solution of SA, ABA and CaCl2 forward by exposure 

to 50°C revealed that all three chemicals could provide protection against oxidative 

stress. Activities of CAT, POX, APOX, SOD and GR, which had decreased to very 

low levels at 50°C, were enhanced after pre-treatments to levels near normal. Among 

the three chemicals, SA was most effective in case of CAT, SOD and APOX, while 

CaCh was most effective in enhancement of POX and GR (Table 39). Analysis of 

isozymes by PAGE also revealed that SA could induce new isozymes as evident by a 

very prominent band of Rm value 0.51 expressed after chemical pre treatment. 
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Plate XIX : A-C: Lentil seedlings (var. Asha) subjected to foliar spray of ABA (A), 
CaCI2 (B), and SA ( C) and the same prior to temperature treatments (D-F) 
Seedlings pre-treated with ABA( G), CaCI2(H), SA (I) an after exposure to 
lethal temperature. View of all treatments prior (J) and after exposure to 
lethal temperature (K). 



Plate XX: Lentil seedlings (var.IPL81) A-C: plant treated with ABA, CaC1
2

, 

SA respectively after lethal temperature treatment and View of all 
treatments taken together before (D) and after lethal treatments 
(E) Lentil seedlings. (var.IPL406) F-H: plant treated with ABA, 
CaCI2, SA respectively after lethal temperature treatment and 
View of all treatments taken together before (I) and after lethal 
treatments (J). 

138 
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Disappearance of peroxidase isozymes bands was observed at lethal temperature 

which reappeared after chemical pre treatments (plate XXI A and B, Table 40 and 

41 ). Catalase isozymes showed expression CAT 3 when treated with ABA at lethal 

temperature treatment (Plate XXI C , Table 42). 

Table 39: Comparison of different antioxidative enzyme activities in lentil seedlings 

at lethal temperature with pre-chemically treated seedlings. 

Varieties Treatments 

Ash a 

Subrata 

IPL406 

IPL81 

Sebore 

Lv 

CD (P=0.05) 

Control 

50 

SA 

ABA 

CaCh 

Control 

50 

SA 

ABA 

CaCh 

Control 

50 

SA 

ABA 

CaCh 

Control 

50 

SA 

ABA 

CaCh 

Control 

50 

SA 

ABA 

CaCh 

Control 

50 

SA 

ABA 

CaCh 

CAT SOD APOX POX GR 

1.43±0.03 I 0.41±0.021 0.071±0.008 0.168±0.067 0.63±0.02 I 

0.54±0.011 0.09±0.005 0.018±0.007 0.001±0.003 0.01±0.011 

2.57±0.032 

0.57±0.010 

0.71±0.009 

2.43±0.011 

0.71±0.009 

2.25±0.006 

0.71±0.010 

1.07±0.021 

1.07±0.019 

0.25±0.007 

1.00±0.006 

0.46±0.005 

0.75±0.004 

1.61±0.005 

0.43±0.003 

1.54±0.003 

0.79±0.006 

0.68±0.004 

1.64±0.013 

0.14±0.004 

1.57±0.009 

1.18±0.002 

0.86±0.004 

1.86±0.020 

0.36±0.007 

1.71±0.003 

1.00±0.001 

0.82±0.002 

Tr.0.078 

Var.0.085 

0.41±0.008 

0.23±0.006 

0.31±0.003 

0.31±0.001 

0.16±0.001 

0.47±0.004 

0.20±0.003 

0.14±0.002 

0.36±0.003 

0.06±0.001 

0.33±0.008 

0.15±0.004 

0.19±0.001 

0.24±0.007 

0.05±0.001 

0.25±0.020 

0.11±0.009 

0.11±0.010 

0.18±0.007 

0.01±0.006 

0.22±0.008 

0.15±0.003 
0.16±0.002 

0.15±0.014 

0.04±0.008 

0.34±0.006 

0.13±0.009 

0.16±0.007 

Tr. 0.062 

Var. 0.068 

0.107±0.002 

0.057±0.001 

0.036±0.001 

0.107±0.002 

0.029±0.00 I 

0.179±0.010 

0.05±0.009 

0.125±0.008 

0.086±0.005 

0.011±0.006 

0.15±0.010 

0.079±0.003 

0.118±0.006 

0.107±0.002 

0.014±0.001 

0.164±0.012 

0.1±0.013 

0.089±0.009 

0.154±0.011 

0.007±0.00 I 
0 .182±0. 009 

0.093±0.005 

0.107±0.004 

0.039±0.014 

0.0 18±0.003 

0. 135±0.005 

0.05±0.001 

0.06I±0.009 

0.134±0.006 

0.122±0.007 

0.154±0.005 

0.920±0.050 

0.001±0.008 

0.096±0. I 13 

0.147±0.032 

0. I28±0.168 

0.141±0.095 

0.002±0.003 

0.131±0.015 

0.138±0.016 

0.140±0.018 

0.125±0.021 

0.002±0.009 

0.137±0.008 

0.106±0.003 

0.144±0.006 

0.142±0.016 

0.01 1±0.008 

0.140±0.01 I 

0.142±0.021 

0.149±0.015 

0.153±0.0 11 

0.004±0.009 

0.127±0.214 

0.125±0.312 

0.142±0.218 

Tr. 0.067 Tr. 0. I99 

0.54±0.022 

0.72±0.032 

0.73±0.014 

0.72±0.022 

0.02±0.009 

0.47±0.008 

0.31±0.007 

0.42±0.017 

0.31±0.021 

0.02±0.008 

0.30±0.011 

0.36±0.013 

0.31±0.022 

0.39±0.022 

0.04±0.008 

0.31±0.005 

0.22±0.011 

0.45±0.014 

0.28±0.013 

0.01±0.003 

0.39±0.009 

0.15±0.012 

0.39±0.01 5 

0.47±0.015 

0.03±0.009 

0.42±0.016 

0.47±0.018 

0.46±0.01 9 

Tr.0.128 
Var. 0.074 Var. 0.219 Var. 0.140 

Results are expressed as mean of three replicates ± SE Different letters indicate significant differences 
with respect to control (20°C) (P <0.0 1 ). *Treatments were followed by exposure at 50°C. Enzyme 
activities expressed as: CAT= mmol H20 2 mg protein ' 1min'1 

; APOX = mmol ascorbate mg protein -I 

min -I; POX= mmol 0- dianisidine mg protein'1 min -I ; SOD= EU mg protein -I ; GR = !liDO) NADPH 
oxidized mg protein -I min ·1. 
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Plate XXI: Isozyme analysis of peroxidase in lentil leaves 
subjected to lethal temperatures after chemical 
pre treatments. A: Lanes 1-5 Asha lethal; 
Control; SA; ABA; CaCI,; lanes 6-7: ABA 
and lethal repeated .8: lanes 1-5 Subrata lethal, 
control, CaCl2,ABA,SA, lanes 6-7: control, 
ABA repeated. C: Lanesl-5 Asha Control; 
lethal; SA: ABA; CaCl~; Lanes 6-7: ABA and 
lethal repeated. 

140 
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Table39 A: Anova of data presented in Table 39 (CAT) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.58282 4 0.145705 34.866 9.38623£-09 2.866081 

Columns 0.11212 5 0.022424 5.365877 0.002743676 2.71089 

Error 0.08358 20 0.004179 

Total 0.77852 29 

Table 39 B: Anova of data presented in Table 39 (SOD) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.260987 4 0.065247 24.28536 1.95585£-07 2.866081 

Columns 0.091 5 0.0182 6.774194 0.000761548 2.71089 

Error 0.053733 20 0.002687 

Total 0.40572 29 

Table 39 C: Anova of data presented in Table 39 (APOX) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.493833 4 0.123458 39.56575 3.12147£-09 2.866081 

Columns 0.058427 5 0.011685 3.744899 0.014835976 2.71089 

Error 0.062407 20 0.00312 

Total 0.614667 29 

Table 39 D: Anova of data presented in Table 39 (POX) 

Source of ss df MS F P-value F crit Variation 

Rows 10.62849 4 2.657122 96.58163 8.77121 E-13 2.866081 

Columns 0.25235 5 0.05047 1.834494 0.151722424 2.71089 

Error 0.550233 20 0.027512 

Total 11.43107 29 

Table 39 E: Anova of data presented in Table 39 (GR) 

Source of ss df MS F P-value Variation F crit 

Rows 0.8213 4 0.205325 18.19451 1.91652E-06 2.866081 
Columns 0.28315 5 0.05663 5.018166 0.003859818 2.71089 
Error 0.2257 20 0.011285 

Total 1.33015 29 
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Table 40: Relative mobility (Rm) value of peroxidase isozymes of lentil seedlings 

(Var. Asha) subjected to lethal temperatures and seedlings pretreated with chemicals 

Treatments Lane no. No. of isozymes bands Rm value 

Lethal 5 0.51' 0.68, 0.79,0.89, 0.97 

Control 2 4 0.51, 0.68, 0.79,0.97 

CaC)z 3 3 0.51' 0.68, 0. 79 

ABA 4 3 0.51' 0.68, 0.79 

SA 5 4 0.51' 0.68, 0. 79,0.97 

ABA 6 1 0.51' 0.68, 0. 79 .1 

Control 7 4 0.51, 0.68, 0.79,0.97 

Table 41: Relative mobility (Rm) value of peroxidase isozymes of lentil seedlings 

(Var.Subrata) subjected to lethal temperatures and seedlings pretreated with chemicals 

Treatments Lane no. No. of isozymes bands Rm value 

Lethal 1 4 0.44, 0.62, 0.74, 

Control 2 4 0.44, 0.64, 0.74,0.84 
CaC)z 3 1 0.44, 0.62, 0.74 .) 

ABA 4 4 0.44, 0.62, 0.74,0.8 
SA 5 4 0.44, 0.62, 0.74,0.84 
Control 6 4 0.44, 0.64, 0.74,0.84 
ABA 7 4 0.44, 0.62, 0.74,0.84 

Table 42: Relative mobility (Rm) value of catalase isozymes of lentil seedlings 

(V ar.Asha) subjected to lethal temperatures and seedlings pretreated with chemicals 

Treatments Lane no. Rm value 

Lethal 0.516 

Control 2 0.5 

SA 1 0.438 .) 

ABA 4 0.609 

CaC)z 5 0.484 

SA (Repeat) 6 0.438 

ABA (Repeat) 7 
0.609 

Lipid peroxidation which was enhanced at the lethal temperature significantly 

declined due to the chemical pre treatments in all the six varieties. Similarly 

accumulation of H202 also came back to level similar to those of control following 

pre treatments before lethal temperature treatments. Accumulation of carotenoid and 

ascorbate showed significant enhancement in the four tolerant varieties when exposed 
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to 50°C after chemical pre treatments. Overall antioxidant activity as determined by % 

DPPH inhibition which was very low in lethal temperature treated seedlings showed 

significant enhancement by the chemical pre treatments (Table 43 ). 

Table 43: Comparative study of antioxidative enzyme, lipid peroxidation and 

hydrogen peroxide activities in lentil seedlings at lethal temperature with pre-

chemically treated seedlings 

Varieties Treatments MDA H202 Car Asc DPPH 
Control 0.12±0.08 2.13±0.06 010±1.21 2.73±0.03 13.64±0.04 

50 0.44±0.06 2.90±0.03 004±1.15 0.53±0.01 2.51±0.01 
Ash a SA 0.10±0.03 1.64±0.04 035±2.13 4.47±0.03 11.44±0.01 

ABA 0.14±0.02 1.71±0.08 012±1.09 1.28±0.01 11.89±0.003 
CaCh 0.15±0.01 1.80±0.07 029±2.08 1.25±0.03 9.87±0.011 

Control 0.12±0.05 1.98±0.10 019±1.32 3.74±0.02 17.6±0.03 
Sub rata 50 0.52±0.01 3.10±0.11 006±1.14 0.82±0.03 4.76±0.03 

SA 0.11±0.01 1.01±0.09 042±2.18 3.52±0.02 15.65±0.004 
ABA 0.13±0.01 0.83±0.05 039±2.97 2.35±0.03 16.79±0.02 
CaCh 0.15±0.03 0.93±0.04 026±1.95 2.42±0.05 13.62±0.01 

Control 0.10±0.05 1.94±0.15 015±1.44 4.55±0.02 23.96±0.02 
IPL 406 50 0.48±0.04 3.58±0.12 002±1.77 0.60±0.09 8.09±0.01 

SA 0.10±0.02 1.03±0.09 020±1.18 3.08±0.06 21.01±0.02 
ABA 0.11±0.02 1.37±0.09 019±1.21 1.23±0.01 15.08±0.01 
CaCh 0.13±0.01 1.16±0.06 019±1.06 0.96±0.05 18.76±0.01 

Control 0.10±0.02 2.08±0.05 013±1.22 4.95±0.02 14.08±0.03 
IPL81 50 0.59±0.04 4.1 0±0.32 003±1.16 0.51±0.02 4.21±0.02 

SA 0.09±0.03 1.95±0.12 019±1.78 3.07±0.05 13.71±0.01 
ABA 0.08±0.02 1.58±0.07 017±1.08 0.92±0.08 13.88±0.01 
CaCh 0.14±0.01 1.83±0.04 021±1.56 1.04±0.06 10.08±0.01 

Control 0.11±0.02 1.73±0.06 021±1.10 3.43±0.04 13.62±0.07 
Sehore 50 0.72±0.07 3.25±0.30 009±1.16 0.16±0.01 2.61±0.01 

SA 0.11±0.01 1.08±0.05 019±1.09 1.15±0.08 12.61±0.02 
ABA 0.08±0.01 1.16±0.04 018±1.23 1.35±0.04 13.19±0.01 
CaCh 0.09±0.01 1.21±0.09 019±1.98 1.80±0.01 10.72±0.02 

Control 0.11±0.05 1.55±0.09 028±1.01 3.12±0.03 11.36±0.03 
Lv 50 0.83±0.05 3.08±0.08 003±1.08 0.28±0.07 1.76±0.01 

SA 0.11±0.03 1.82±0.06 023±2.09 1.97±0.06 11.54±0.03 
ABA 0.10±0.01 2.10±0.21 022±2.18 1.75±0.04 9.25±0.02 
CaCl2 0.10±0.01 2.00±0.14 024±2.11 1.62±0.03 10.66±0.01 

CD (P-0.05) Tr.0.088 Tr. 0.394 Tr. 7.998 Tr. 0.876 Tr.l.805 
Var.0.096 Var. 0.432 Var. 8.761 Var. 0.160 Var. 1.978 

Results are expressed as mean of three replicates ± SE Different letters indicate significant differences 
with respect to control (20°C) (P <O.Ol).*Treatments were followed by exposure at 50°C. MDA=mmols 
g fresh wt. tissue ·I; H202 =jlmols g fresh wt. tissure·1 

; Car ==mg g fresh wt. tissue -J ; Asc = mg g fresh 
wt. tissue '1; DPPH=% inhibition . 
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Table 43 A: Anova of data presented in Table 43 (MDA) 

·--~-------· 

Source of ss df MS F P-value F crit 
Variation 

Rows 1.131013 4 0.282753 53.19579 2.22258E-10 2.866081 

Columns 0.014627 5 0.002925 0.550357 0.736273086 2.71089 

Error 0.106307 20 0.005315 

Total 1.251947 29 

Table 43 B: Anova of data presented in Table 43 (H202) 

Source of ss df MS F P-value F crit 
Variation 

Rows 15.90219 4 3.975547 37.06711 5.52084E-09 2.866081 

Columns 1.94083 5 0.388166 3.619173 0.01709531 2.71089 

Error 2.145053 20 0.107253 

Total 19.98807 29 

Table 43 C: Anova of data presented in Table 43 (Carotenoid) 

Source of ss df MS F P-value F crit 
Variation 

Rows 1445.133 4 361.2833 8.191747 0.000441161 2.866081 

Columns 408.2667 5 81.65333 1.85141 0.148433339 2.71089 

Error 882.0667 20 44.10333 

Total 2735.467 29 

Table 43 D: Anova of data presented in Table 43( Ascorbate) 

Source of ss df MS F P-value F crit Variation 

Rows 39.87767 4 9.969417 18.8227 1.47651 E-06 2.866081 

Columns 2.915177 5 0.583035 1.100796 0.390861138 2.71089 

Error 10.59297 20 0.529649 

Total 53.38582 29 

Table 43 E: Anova of data presented in Table 43 (DPPH) 

Source of ss df MS F Variation P-value F crit 

Rows 511.2538 4 127.8135 56.86067 1.21284E-1 0 2.866081 
Columns 242.8395 5 48.5679 21.60651 1.95066E-07 2.71089 
Error 44.95672 20 2.247836 

Total 799.05 29 

Results thus revealed that pre treatment with SA, ABA, and CaC12 could protect the 

plants against oxidative stress brought about by lethal temperature treatments. 
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4.15.2. Effect on metabolite accumulation in lentil seedlings 

Free proline accumulation which was significantly higher in seedlings exposed to 

lethal temperatures decreased when seedlings were treated with the three chemicals 

prior to exposure. 

Table 44: Comparison of free proline, total phenol and protein content in lentil 

seedlings at lethal temperature with pre-chemically treated seedlings 

Varieties Treatments Proline 
Total 

Protein content 
Phenol 

Control 0.13±0.01 1.2±0.01 56±0.01 
50 0.21±0.003 1.50±0.02 27.1±0.002 
SA 0.15±0.01 0.67±0.003 150±0.004 

Ash a ABA 0.18±0.01 0.27±0.003 102±0.002 
CaClz 0.13±0.01 0.27±0.003 150±0.002 
Control 0.10±0.006 1.4±0.03 61.33±0.004 
50 0.41±0.004 1.43±0.02 21.4±0.001 

Sub rata 
SA 0.14±0.004 0.38±0.01 75±0.04 
ABA 0.14±0.01 0.58±0.01 62.4±0.03 
CaC}z 0.16±0.01 0.43±0.01 90±0.02 
Control 0.20±0.05 2.6±0.03 82.8±0.02 
50 0.33±0.04 0.56±0.01 35.7±0.003 

IPL 406 
SA 0.24±0.003 1.90±0.03 126±0.003 
ABA 0.19±0.01 1.45±0.01 90±0.003 
CaCb 0.19±0.01 0.90±.0.03 102±0.006 
Control 0.16±0.04 2.70±0.01 126±0.012 
50 0.46±0.02 1.40±0.01 20±0.002 

IPL 81 
SA 0.19±0.01 1.60±0.01 102±0.01 
ABA 0.13±0.002 0.65±0.03 144±0.01 
CaCh 0.12±0.01 0.85±0.02 150±0.01 
Control 0.1 0±0.03 2.55±0.02 74.4±0.01 
50 0.19±0.01 0.96±0.01 28.1±0.01 

Sehore 
SA 0.16±0.01 2.90±0.01 62.35±0.02 
ABA 0.14±0.01 2.80±0.01 53.96±0.02 
CaClz 0.18±0.02 3.00±0.01 59.95±0,02 
Control 0.20±0.004 1.46±0.01 86.66±0.02 
50 0.20±0.002 1.10±0.01 24±0.002 

Lv 
SA 0.29±0.003 1.65±0.04 52±0.04 
ABA 0.19±0.01 1.40±0.04 42±0.03 
CaC}z 0.20±0.004 2.00±0.02 51±0.01 
CD (P==0.05) Tr.0.077 Tr. 0.759 Tr. 30.241 

Var.0.086 Var. 0.831 Var. 33.127 
Results are expressed as mean of three replicates ± SE Different letters indicate significant 
differences with respect to control (20°C) (P <O.Ol).*Treatments were followed by exposure at 
50°C. Proline== mg g tissue_,; Total Phenol =mg g·' fresh wt.; Protein= mg g·' fresh wt. 
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Table 44 A: Anova of data presented in Table 44 (Proline) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.091847 4 0.022962 5.636609 0.003318617 2.866081 

Columns 0.024377 5 0.004875 1.196792 0.346211235 2.71089 

Error 0.081473 20 0.004074 

Total 0.197697 29 

Table 44 B : Anova of data presented in Table 44 ( Total Phenol) 

Source of ss df MS F P-value F crit 
Variation 

Rows 2.885813 4 0.721453 1.814834 0.165573874 2.866081 

Columns 8.989707 5 1.797941 4.522766 0.006396918 2.71089 

Error 7.950627 20 0.397531 

Total 19.82615 29 

Table 44 C : Anova of data presented in Table 44 (Protein) 

Source of ss df MS F P-value F crit Variation 

Rows 21013.12 4 5253.28 8.331635 0.000399186 2.866081 

Columns 14205.37 5 2841.074 4.505908 0.006510486 2.71089 

Error 12610.44 20 630.5221 

Total 47828.93 29 

In case of total phenols, in those varieties where exposure to lethal temperatures had 

caused significant reduction in accumulation pre treatment with the chemicals 

enhanced the accumulation of phenolics. However, in varieties such as Asha and 

Subrata where lethal temperature did not significantly reduced phenolic condition pre 

treatments with the chemicals also did not lead to significant change (Table 44). 

In case of protein content in all varieties exposure to lethal temperature significantly 

decreased accumulation which was enhanced by pre treatment. However in the four 

tolerant varieties increase in protein accumulation following pre treatment was higher 

than in the susceptible varieties (Table 44). Chlorophyll content also showed similar 

trend as the other metabolites (Table 45). 
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Table 45: Comparison of Chlorophyll content in different varieties of lentil at lethal 

temperature with pre-treated seedlings 

Varieties Treatments Chlorophyll contents (mg g-1 fresh wt. tissue) 

Total Chi Chi a Chi b 

Ash a Control 0.85±0.03 0.51±0.02 0.33±0.01 

50 0.19±0.01 0.14±0.001 0.05±0.003 

SA 1.29±0.01 0.52±0.004 0.78±0.01 

ABA 0.99±0.03 0.55±0.02 0.45±0.01 

CaC}z 1.05±0.02 0.55±0.02 0.51±0.01 

Subrata Control 0.71±0.01 0.45±0.02 0.26±0.005 

50 0.53±0.01 0.40±0.003 0.12±0.002 

SA 1.02±0.02 0.55±0.01 0.53±0.01 

ABA 1.02±0.03 0.55±0.01 0.47±0.01 

CaCb 1.30±0.05 0.57±0.005 0.4-8±0.01 

IPL 406 Control 0.37±0.01 0.25±0.01 0.11±0.01 

50 0.10±0.01 0.08±0.001 0.02±0.03 

SA 0.36±0.01 0.17±0.01 0.20±0.01 

ABA 0.24±0.02 0.16±0.004 0.08±0.003 

CaCh 0.38±0.01 0.17±0.005 0.22±0.01 

IPL 81 Control 0.58±0.04 0.40±0.02 0.19±0.01 

50 0.44±0.01 0.32±0.01 0.12±0.004 
SA 0.44±0.01 0.37±0.01 0.08±0.003 

ABA 0.47±0.01 0.37±0.01 0.1 0±0.01 

CaCh 0.51±0.01 0.47±0.03 0.14±0.004 

Sehore Control 0.99±0.02 0.72±0.01 0.28±0.03 
50 0.06±0.01 0.06±0.001 0.01±0.001 
SA 0.69±0.004 0.67±0.025 0.26±0.01 
ABA 0.67±0.01 0.50±0.03 0.20±0.01 
CaC}z 0.85±0.04 0.61±0.02 0.19±0.01 

Lv Control 1.14±0.05 0.64±0.02 0.50±0.02 
50 0.11±0.01 0.10±0.003 0.01±0.001 
SA 1.12±0.01 0.73±0.015 0.40±0.01 
ABA 1.05±0.04 0.63±0.03 0.42±0.02 
CaCb 1.03±0.02 0.66±0.02 0.37±0.01 

CD (P==0.05) Tr.0.334 Tr. 0.163 Tr. 0.163 
Var.0.366 Var. 0.179 Var. 0.178 

Average ofthree separate experiments:± SE 
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Table 45 A: Anova of data presented in Table 45 (Total chlorophyll) 

Source of ss df 
Variation 

MS F P-value F crit 

Rows 1.282067 4 0.320517 4.158953 0.013026233 2.866081 

Columns 2.20275 5 0.44055 5.716479 0.001965253 2.71089 

Error 1.541333 20 0.077067 

Total 5.02615 29 

Table 45 B : Anova of data presented in Table 45 (Chlorophyll a) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.385287 4 0.096322 5.258403 0.004635279 2.866081 

Columns 0.638297 5 0.127659 6.969192 0.000645139 2.71089 

Error 0.366353 20 0.018318 

Total 1.389937 29 

Table 45 C: Anova of data presented in Table 45 (Chlorophyll b) 

Source of ss df MS F P-value F crit 
Variation 

Rows 0.403387 4 0.100847 5.523827 0.003662394 2.866081 

Columns 0.515067 5 0.103013 5.642505 0.002106808 2.71089 

Error 0.365133 20 0.018257 

Total 1.283587 29 

4.16. Statistical analysis 

Data were analysed by Anova and correlation studies where ever needed. Results of 

Anova have been presented along with tables. Correlation was determined between 

important parameters in some of the varieties significant positive correlation was 

obtained between % relative injury and lipid peroxidation in lentil seedlings subjected 

to high temperature stress (Fig. 21 ). Correlation is also obtained between total 

antioxidant activity of % DPPH inhibition and accumulation of antioxidants in both 

high and low temperatures stress (Fig. 22 and fig 23). In case of correlation between 

catalase and hydrogen peroxide negative correlation was obtained in two varieties and 

more or less positive two susceptible varieties (Fig. 24) under low temperature stress 

also negative correlation obtained between catalase activity and hydrogen peroxide 

accumulation (Fig. 25). 
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Plants which are exposed to various environmental stresses throughout the course of 

their life span have an inbuilt ability to adjust to seasonal and other environmental 

variables. Temperature stress is one of the most common environmental stress to 

which plants are exposed and this includes both elevated temperature and chilling 

stress. Although most of the biochemical factors for stress tolerance acquisition are 

present in all species, the difference is how fast and how persistent this machinery 

activated, and how the stress is perceived and how the signals are further transduced 

into a series of responses( Here et al. 1997; Kaur and Gupta 2005). 

In nature plants are generally exposed to the combination of stresses and in many 

cases their metabolic responses are similar under varying stresses. The ability to 

withstand and to acclimate to super optimal and sub optimal temperatures results from 

both prevention of heat damage and repair of heat sensitive components (Larkindale 

et al. 2005). The degree of susceptibility of different plant species and of different 

genotype within the species is often varied. In the present study, the responses of six 

varieties of lentil crop to high temperatures were determined. Similarly the responses 

of four varieties of soybean, generally a summer crop, to low temperature stress were 

also determined. In lentil the six tested varieties showed varied degree of tolerance to 

high temperatures and could be categorised into tolerant and susceptible varieties. 

Two of the varieties viz. Sehore and Lv had low tolerance index value at 50°C while 

the other four varieties - Asha , Subrata, IPL 406 and IPL 81 had higher tolerance 

indexes. In the study by Porch (2006), a stress tolerance index and stress susceptible 

index were used to evaluate the genotypic performance of 14 genotypes of common 

bean under variable temperature conditions. In another study by Terzioglu et al. 

(2006), the thermal tolerance of Aegilops biuncialis and Triticum durum cultivars 

were determined by growth experiment and cell viability test. No genotypic difference 

could be determined in this experiment, though significant genotypic differences were 

obtained in acclimated seedlings. In the present study, the tolerance was also 

confirmed by cell membrane thermostability test and it was observed that, though the 

relative injury increased with increase in temperature in all the varieties, Sehore and 

Lv had much higher relative injury. Several previous authors have also confirmed the 

importance of using thermostability test of cell membrane for screening heat tolerant 

genotypes (Agarie et al. 1995; Talwar et al. 2002; Wahid and Shabbir 2005) 

Almeselmani et al. (2006) also reported that there was a significant increase in the 
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membrane injury index in all genotypes of wheat under high temperatures and late 

planting. It is quite clear that integrity and function of biological membranes are 

sensitive to high temperature, as heat stress alters the tertiary and quaternary structure 

of membrane proteins (Wahid et al. 2007). Such alteration enhances the permeability 

of membrane as evident from increased loss of electrolytes. Electrolyte leakage is 

influenced by factors such as genotypic difference, plant age etc. 

In case of soybean subjected to low temperature stress, results of the present study 

showed that the tested varieties did not show much differences in terms of 

morphological symptoms during cold stress. Besides, even though short duration of 

cold stress did not induce much change, leaf hardening and other morphological 

symptoms were evident from 8h onwards. There are reports that tropical and sub 

tropical plants show characteristics of damage symptoms when exposed to chilling 

temperatures (Raison and Lyons, 1986; Queiroz et al. 1998). Various phenotypic 

symptoms in response to cold stress include poor germination, stunted seedlings, 

reduced leaves, leaf expansion and wilting. The major negative effect of cold stress is 

that it induces severe membrane damage (Yadav 201 0). 

Lipid peroxidation of membranes is another factor which adversely affects membrane 

properties during temperature stress. Lipid peroxidation is generally determined as 

accumulation ofmalondialdehyde (MDA) at the membrane and in the present study it 

was observed that both high and low temperature stress induced lipid peroxidation in 

all varieties. The degree of lipid peroxidation was dependent on the temperature as 

well as the variety. Present results are in conformity with previous results where lipid 

peroxidation has been reported to be related to temperature stress. Free radical 

induced peroxidation of lipid in membranes is a reflection of stress induced damage at 

the cellular level and increase in the level of MDA during peroxidation of membrane 

lipids is often used as an indication of oxidative damage (Elstner and Oswald 1994; 

Zhang et al. 2010) .. Babu and Devaraj (2008) reported an increase in accumulation of 

MDA in fresh bean during temperature stress. Queiroz et al (1998) suggested that the 

decrease in membrane fluidity in coffee seedling detected at 10 oc is probably due to 

increased levels of lipid peroxidation. 

It is well known that diverse environmental stresses differentially affect plant 

processes that lead to loss of cellular homeostasis accompanied by the formation 

reactive oxygen species (ROS) which cause damage to membrane lipids, proteins and 
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nucleic acids ( Srivalli et al 2003). Under normal growing conditions the oxidative 

damage to the cellular component is balanced by the efficient processing of ROS 

through a well co-ordinated and rapidly responsive antioxidant system. Under stress 

condition this balance tilts in favour of production of more ROS leading to damage. 

The plant's ability to withstand such stress depends on detoxification of the ROS by 

enhanced activity of anti oxidative enzymes. Thus the cellular damage caused by super 

oxide and lipid peroxidation might be reduced or prevented by protective mechanisms 

including free radical processing by enzymes such as superoxide dismutase, catalase, 

peroxidase and ascorbate peroxidase. Analysis of five antioxidant enzymes in the four 

varieties of Glycine max exposed to varying cold temperatures revealed that activities 

of four enzymes superoxide dismutase, glutathione reductase, peroxidase and 

ascorbate peroxidase were initially enhanced with decrease in temperature. But after a 

threshold temperature activities decline. Of the four varieties, three showed similar 

trend where activity showed decline after 15°C whereas in Rossio increase in activity 

continued till 10 °C. It is quite clear that in all the varieties increase in cold induced 

stress led to an initial response where the antioxidative activity was enhanced to 

withstand the stress. Catalase activities in all varieties decreased with the decrease in 

temperature. Previous reports have also confirmed that certain stress lead to a 

decrease in catalase activities ( Fadzillah et al 1996 ; Chakraborty and Tongden 

2005). 

There are several earlier reports on the role of antioxidative enzymes during chilling 

stress. Ascorbate peroxidase gene expression and activity has been reported to be 

rapidly induced by various stress conditions including chilling (Prasad, et al., 1994; 

Keshavkant and Naithani, 2001). Lukatkin (2002) compared SOD activity in various 

plant species differing in their cold - resistance during chilling. According to him, in 

resistant varieties, chilling sharply activated SOD production. It has been reported that 

under stress conditions different plants and tissues respond to SOD induction 

differently suggesting that different mechanisms may be involved in protection 

against oxidative stress (Blokhina et al., 2003). Huang and Guo (2005) reported that, 

under chilling conditions , SOD activity of tolerant rice cultivar remained similar to 

control , whereas that of susceptible cultivar decreased after chilling and remained 

low throughout the chilling period. However, Radyuk et al. (2009) reported that under 

low temperature stress, total SOD activity exceeded the initial value by 15%. In the 

present study also, SOD activities increased most significantly during low 
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temperature. However, this was more or less similar in the different varieties. Payton 

et al. (200 1) also reported that elevating levels of APOX or GR improved recovery of 

cotton from chilling in transgenic plants. Among the enzymes, peroxidase and 

ascorbate peroxidase increased by about 4-fold in one of the varieties, Rossio, 

whereas in other three varieties the increase was about 2-fold. These varieties could 

also maintain higher levels of anti oxidative enzymes till 1 0°C, and the decline was 

evident only after this temperature. This variety, more commonly cultivated in higher 

altitudes, was more tolerant to lower temperatures than the other varieties, which are 

normally grown in the plains. 

In the present study, besides analysis of enzyme activities of plants subjected to 

varying temperatures at one time period, analysis of enzyme activities for 24h at 5 oc 
was also monitored every two hours. Results revealed that both catalase and ascorbate 

peroxidase showed an initial decline in activity for 4-6h before being enhanced. Thus, 

during the early period of stress, protection against cold-stress is provided by 

activities of peroxidase, superoxide dismutase and glutathione reductase which are 

enhanced initially and lead to a certain degree of protection against oxidative stress. 

Zhang et al. (20 1 0) also reported that antioxidative enzymes were induced in rice 

during chilling stress and they found that the activities of superoxide dismutase , 

ascorbate peroxidase and glutathione reductase were higher in the super-hybrid 

Liangyoupeijjiu (LYPJ). They concluded that tolerance to chilling stress in L YPJ 

might be adopted from maternal cultivar. 

In case of elevated temperature stress in lentil, results of the present study revealed 

that two out of the five enzymes tested- ascorbate peroxidase and superoxide 

dismutase showed an increase in activities until 40-45 °C in four varieties and at 30°C 

in the other two. Most significant increase was obtained in case of SOD and APOX. It 

is clear that increase in temperature led to an increased expression of these 

antioxidative enzymes till a particular temperature after which they decline. The 

temperature till which increased activities are maintained varies in the tolerant and 

susceptible varieties. In the tolerant varieties, they could maintain increased activities 

at higher temperatures in comparison to the susceptible ones. The results of the 

present study confirm a previous report by Almeselmani et al. (2006) who reported 

significant increase in activity of SOD in all tested genotypes of wheat, though it was 

greater in tolerant genotypes. Several previous authors have also reported 
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involvement of SOD in temperature stress tolerance (Upadhyaya et al. 1990; Jagtap 

and Bhargava, 1995; Davidson et al. 1996).Gupta and Gupta (2005) also reported that 

SOD activity in two wheat genotypes increased with increase in temperature though 

the magnitude was comparatively lower in the susceptible genotype. In the present 

investigation it was also observed that POX and GR declined at high temperatures in 

all varieties though in Sehore and Lv there was an initial increase in POX activity 

before declining. Similar results have also been reported by previous workers (Jiang 

and Huang, 2001). CAT activities increased to some extent but declined either after 

35°C or 30°C. 

There are also certain contrasting results from previous workers. Gulen and Eris 

(2004) reported that peroxidation activity increased in strawberry plants subjected to 

high temperature. Gur et al. (2010) also reported that there was a decline in the 

activity of superoxide dismutase in cotton plant exposed to high temperature. In the 

contrary catalase activity increased at 45°C, peroxidase increased at 38°C and 

ascorbate peroxidase activity increased at 38°C and 45°C. The author also reported 

increased accumulation of hydrogen peroxide with increase in temperature. In case of 

H20 2 accumulation in present study it was found that in four of the varieties IPL 81, 

IPL 406, Asha and Subrata there was an initial decrease in accumulation which was 

followed by an increase at 40°C onwards; however, in the other two varieties Sehore 

and Lv increase accumulation of H20 2 was obtained at all higher temperatures .Thus 

it is quite clear that in tolerant varieties the initial increase of catalase activities 

indicate the initial ability to scavenge H20 2 which lead to decrease in accumulation of 

H202 and its detoxification. Previous studies have also reported a decrease in catalase 

activity along with an increase of H20 2 ( Blokhina et al. 2003, Babu and Devaraj 

2008). 

Decline in activity of catalase and ascorbate peroxidase in cold stressed soybean 

seedlings could be correlated in the present study with an increase in accumulation of 

H202 detected during the early period of oxidative stress. H20 2 besides being ROS is 

also involved in signalling (Chakraborty 2005). It is now clear that protein and DNA 

are also involved in signalling, for guard cell functioning, photo protection, 

pathogenesis and development. With increase in duration of cold stress, it is observed 

that catalase and ascorbate peroxidase increase resulting in breakdown of H20 2; 

prolonged period of stress or increasing the stress intensity however led to decline 
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activity indicating that the plant succumbs to oxidative stress after initial resistance. 

Analysis of isozymes of different enzymes also revealed that temperature stress could 

alter the expression of isozymes of peroxidase, catalase and superoxide dismutase. 

Anderson et al (1995) reported changes in isozymes profile of catalase, peroxidase 

and glutathione reductase during acclimatising of chilling in monocotyledons of 

maize seedlings. 

It is clear that the activity of antioxidative enzymes changed following both elevated 

and low temperature stress. Other than antioxidative enzymes, accumulation of small 

antioxidant molecules such as ascorbate and carotenoid were also involved in the 

plants response to temperature stress. Both ascorbate and carotenoid showed increase 

accumulation initially during stress periods followed by a decline in tolerant varieties. 

However in the susceptible variety accumulation of both ascorbate and carotenoid 

showed a decline at al high temperatures. This is in the conformity with the results of 

previous works (Mahan and Mauget, 2005). Similar results were also observed in case 

of low temperature stress where initially there was an increased in accumulation 

followed by a decline. Radyuk et al. (2009) reported that at temperature close to zero 

(2°C) the contents of both total and reduced ascorbate in the leaves of barley 

increased, but during the post stress period the ascorbate content declined. They 

suggested that total ascorbate accumulation under stress conditions indicates that the 

increment in reduced ascorbate could occur not only at expense of reduction of fixed 

oxidised form but also due to de novo molecule synthesis. In their study Radyuk et al., 

(2009) also reported that the amount of carotenoid increased by 20% during the first 

8h of stress factor which however reduced after 8h to a level lower than that of 

control. In the present study also it was observed that carotenoid accumulation in all 

varieties increased initially (until 8h for susceptible varieties and 16-20h for Rossio 

and NRC 37) after which there was a decline. Total antioxidant activity was also 

increased initially before declining. In case of high temperature stress it was observed 

that the DPPH scavenging activities at 40°C were also double in comparison to 

control in the four tolerant varieties of lentil. Significant correlation of total 

antioxidant activity was obtained with accumulation of antioxidants and activity of 

certain antioxidative enzymes. Antioxidant activities were more pronounced in 

elevated temperature stress than in chilling stresses. Kang and Saltveit (2002) reported 

that heat shocked rice seedlings had greater DPPH scavenging activity than control. 
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Proteins are one of the most important metabolites in plants and would thus be 

involved during a plant's response to stress. In the present study it was observed that 

while elevated temperature stress led to an initial increase upto 35°C or 40°C followed 

by a decline, low temperature stress resulted in a decline in protein contents. Analysis 

of protein profile by SDS-also revealed that certain protein was inhibited by the 

different whereas other protein showed increased expression. 

Phenols are also important in plants as they act as natural antioxidants which help to 

neutralize free radicals. Similar to other metabolites accumulations of phenols were 

also found to increase at the early periods of stress followed by decline this was 

evident in both high and low temperature stresses. Chakraborty et al. (200 1) obtained 

increased levels of phenols in tea leaves subjected to temperature stress up to 45°C, 

and a decline thereafter. Analysis of phenols by HPLC in elevated temperature stress 

revealed that salicylic acid seems to be an important component which was elevated 

during high temperature stress. 

One of the most common stress responses in plants is over production of different 

types of compatible organic solutes such as proline and betaine (Serr~ and Sinclair, 

2002) which are low molecular weight highly soluble compounds that are usually non 

toxic at high cellular concentration. Generally they protect plants from stress through 

various mechanisms including contribution to cellular osmotic adjustment, 

detoxification of ROS, protection of membrane integrity and stabilization enzymes or 

protein (Ashraf and Foolad, 2007). However in many crop plants a natural 

accumulation of such osmolites is lower than sufficient to ameliorate the adverse 

affect of various environment stress (Subbarao et a!. 2001 ). Proline being a stress 

metabolite is known to increase under various stress (Kramarova et a/.1999; 

Chakraborty et a!. 2002; Agarwal and Pandey, 2003).Result of present study also 

showed that proline accumulation increased initially as a response to both high and 

low temperature stresses but declined later. Ability to maintain high levels of proline 

was also dependent on the varieties, with tolerant varieties having the ability to 

accumulate increased amount during prolonged periods of stress. In a study by Kumar 

and Y adav (2009), they reported that proline and betaine provide protection to cold 

stress in tea by regulating methylglyoxal and lipid peroxidation formation as well as 

activity of some of antioxidants and glyoxalase enzyme pathways. 
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Temperature stress is also known to have significant effects on photosynthetic 

apparatus which may be due to their effect on membranes or the direct effect of stress 

on chlorophylls. Keeping this in mind, in the present study besides the effect of 

temperature stress on membranes, their influence on chlorophyll contents was also 

determined. It was observed that in soybean subjected to low temperature stress 

chlorophyll content directly declined whereas in lentil an initial increase in 

accumulation was observed till40°C after which there was a significant decline in five 

varieties . However in Sehore which was a susceptible variety chlorophyll contents 

recorded continuous decline. Higher thermotolerance of cell membranes and 

photosynthesis has been reported to contribute to adaptation at high temperature in 

several crops (Shannan et a/., 1990; Ibrahim and Quick, 2001; Tal war et a/. 2002). 

Photosynthesis is one of the physiological processes that is most sensitive to high 

temperature stress (Yang et a/.2005). Inhibition of photosynthesis by high temperature 

stress is of common occurrence for plants in tropical and sub-tropical regions and the 

temperate zones where the plants are exposed periodically to high temperatures 

(Larcher, 1995). However, Aarti et al. (2006) reported that oxidative stress showed 

greater impact on chlorophyll biosynthesis than on photosystem II in Cucumis sativus 

(cucumber). The authors also suggested that oxidative stress impedes key steps in 

chlorophyll biosynthesis by either directly or indirectly inhibiting the activity of Mg

chelatase, Fe-chelatase and protoporphyrinogen IX oxidase. Haldimann (1997) 

reported that during chilling stress there was a decrease in chlorophyll-a content 

which was more significant in the chilling sensitive genotype of maize. Similarly, 

Bertamine et a/. (2007) also reported that the contents photosynthetic pigments 

decreased significantly in one of the genotypes during low temperature stress but 

remain unchanged in another genotype. 

Zhang et al. (201 0) however reported that chlorophyll content of all genotypes of rice 

gradually declined with chilling stress. Decrease in chlorophyll content due to high 

temperature has also been reported earlier by earlier workers (Bhullar and Jenner 

1985). Significant reduction in chlorophyll content under late and very late planting 

was observed in all genotypes and at all stages of plant growth in wheat by 

Almeselmani et al. (2006). However, tolerant genotype HDR 77 and HD 2815 

maintained comparatively higher chlorophyll content and showed less reduction 

compared to other genotypes under increasing temperature of late and very late 
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planting. Premature loss of chlorophyll due to heat sensitivity in wheat crop has been 

reported earlier (Reynolds et al. 1994). 

Results of the present study indicated that at a temperature of 50°C all metabolic 

activities had been reduced to very low levels. Since there are reports that effects of 

temperature can be ameliorated to certain extent by pre treatment with chemicals, a 

similar approach was adopted in the present study. Three chemicals known to have a 

protective effect against high temperature stress were selected i.e., salicylic acid, 

abscisic acid and calcium chloride. Plants were initially pre-treated with the chemicals 

and then subjected to high temperatures of 50 °C. Results revealed that the activities 

of an antioxidant enzymes catalase, peroxidase, ascorbate peroxidase, superoxide 

dismutase and glutathione reductase which had decreased to very low level at 50°C 

were enhanced in those cases were seedlings were subjected to pre treatments with 

chemical. Jiang and Zhang (2002) also obtained increased activities of APOX in 

leaves of maize seedlings following ABA treatment. Larkindale and Huang (2004) 

reported that SA and ABA pre-treatments for thermotolerance induction had no 

effects on SOD activity under heat stress while pre-treatment with ACC, CaCh or 

heat acclimation (HA) increased activity to some extent. It has a higher affinity to 

H20 2 than CAT and POX and it may have a more crucial role in the management of 

reactive oxygen species (ROS) during stress or it may be responsible for fine 

modulation of ROS for signalling (Srivalli et al., 2003). Dat et al. (1998) working 

with induction of SA or heat acclimation (HA) in mustard seedlings reported a 

parallel decrease of both H202 and CAT during the initial period of thermoprotection. 

They suggested that the metabolic and molecular mechanisms associated with the 

observed decline in H202 content and CAT activity during this period may be relevant 

to thermotolerance. The decline in H20 2 content may be indicative of the enhanced 

antioxidant potential in the tissue which could contribute to enhanced 

thermotolerance .. Similar result was observed in the present study. The accumulation 

of H202 increased to very high level at 50°C was decreased in those cases where 

seedlings were subjected to pre treatments with chemical. Besides antioxidative 

enzymes other high temperature related inhibition of normal metabolic processes was 

also protected by these three treatments Chakraborty and Tongden, (2005) reported 

that SA could provide theromotolerance to Cicer arietinurn seedlings. In the present 

study the increased effect of lethal temperature was partially overcome by the pre

treatment where lipid peroxidation though higher than the untreated controls were 
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lesser than the lethal temperature treatment. Similar results were also obtained by 

Larkindale and Huang (2004) in creeping bent grass where lipid peroxidation 

increased during heat stress but was lowered by pre-treatment with chemicals and 

sub-lethal temperature. Saleh et a/.(2007), also reported that high temperature induced 

lipid peroxidation in mungbean could be reduced by SA treatments. He et a/.(2005) 

suggested that SA induced heat tolerance could be related to higher o-2 and H202 

scavenging potential due to higher catalase activities and heat stress. Further, results 

obtained in Kentucky blue grass agree with the reult in Arabidopsis and creeping bent 

grass that SA is involved in protection against heat stress induced oxidative damage 

(Larkindale and Knight, 2002, Larkindale and Huang, 2004). 

All the results of the present study taken together indicated that plants respond to both 

high and low temperature more or less similar fashion. Initial imposition of stress 

results in the acclimation of antioxidation and other defense mechanisms which 

however are maintained up to a certain level after which these decline when plants 

succumb to the stress. Tolerant and susceptibility are related to a great degree to the 

ability of the particular variety to maintain antioxidant responses for greater period of 

time whereas in susceptible varieties antioxidant decreased faster. Results also 

indicate that it is possible to ameliorate temperature stress induced disorders by 

protective mechanisms like pre treatment with chemicals such as SA, ABA, CaCh. 

In conclusion, it can be stated that loss of cell membrane stability, peroxidation of 

lipid membranes could be considered as markers of susceptibility, while maintenance 

of high total antioxidative activity at higher temperatures was correlated to tolerance. 



Summary 
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1. A review of literature has been presented on previous work done in the line 

of the investigation. The review has been presented on oxidative stress in plants 

and response of plants in general to temperature stress (cold temperature stress 

and elevated temperature stress) and metabolic changes associated with 

induction of thermotolerance. 

2. Experimental procedure and protocol used m this investigation have been 

presented in detail. 

3. Four varieties of soybean (Glycine max. (L.) Merrill) and six varieties of lentil 

(Lens culinaris Medikus) seedlings have been subjected to low (5-25°C) and 

high (20-50°C) temperature stress respectively. Further at soc soybean 

seedlings were treated for different hours from 0-24h for 2h intervals. For 

amelioration of heat stress, seedlings of lentils were per-treated with chemicals 

like 1 OOJ.!M SA, 50J.1M ABA and 1 OmM CaCh before exposure to lethal 

temperature. 

4. Tolerant and susceptible varieties of lentil were screened by performing cell 

membrane stability test and tolerance index. 

5. Seed germination percentage of different varieties of lentil seeds were tested at 

elevated temperatures ranging from 20-50 °C. 

6. Lipid peroxidation was determined as the amount of malondialdehyde (MDA) in 

the membrane in both soybean and lentil seedlings. In all cases temperature 

stress led to increased MDA accumulation. 

7. Among the antioxidative enzymes assayed m soybean, catalase showed a 

decline in activity from 25. C to s·cwhile peroxidase, ascorbate peroxidase, 

glutathione reductase and superoxide dismutase showed an initial increase 

before declining. Further analysis at s·c for 24h revealed that activity declined 

in all varieties upto 4 h, with the decline being very steep in Rossio and NRC 

37. In case of peroxidase activity, Rossio showed enhanced activity till12 h. 

8. In case of lentil , catalase, ascorbate peroxidase and superoxide dismutase 

activities showed an initial increase before declining at so·c, while peroxidase 

and glutathione reductase activities declined at all temperatures. Activities of 

CAT, POX, APOX, SOD and GR, which had decreased to very low levels at 

so·c, were enhanced after pre-treatments to levels near normal. Among the 



three chemicals, SA was most effective in case of CAT, SOD and APOX, 

while CaCh was most effective in enhancement of POX and GR. 
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9. The effect of elevated and low temperatures on total antioxidant activities was 

measured in terms of percentage inhibition of DPPH and the effect of lethal 

temperature after pre-treatments were also studied. Total antioxidant activity 

increased initially during early period of stress, but declined thereafter. 

Activity was high after pre-treatments with SA, ABA and CaClz. 

10. Isozyme analysis was done on native PAGE. Peroxidase isozyme analysis 

revealed the presence of new bands at high temperature (40-45°C) in lentil 

leaves. In soybean nine bands of peroxidase isozymes was observed in JS 

335and five in Rossio at 10 °C, there was a suppression of bands at 5°C. 

Expression of peroxidase isozymes was further tested in soybean ( var. Rossio) 

at s·c for different time interval (0-24h). The result revealed that a band of Rm 

value 0.63 was not expressed initially and again expressed at 6h and 10h in 

leaves of treated seedlings. 

11. Catalase isozymes analysis revealed that Cat 2 and Cat 3 isozyme were 

expressed at 40-45 °C in lentil leaves. In JS 335 in control itself CAT 3 was very 

prominent which became lesser expressed at s·c and w·c. Expression of 

catalase isozymes by native PAGE was further tested in soybean (var. Rossio) at 

s·c for different time interval (0-24h). The result revealed that CAT 3 band was 

much expressed at s·c. 
12. Biochemical parameters such as change in proline accumulation, chlorophyll 

content, phenolics and proteins were tested in leaves of soybean and lentil at low 

and high temperature treatments and also after pre-treatments. 

13. Protein content in seed of different varieties of lentil and soybean showed 

varietal difference. Highest protein content was found in IPL 406 and lowest in 

that ofLv varieties oflentil. Rossio and NRC 35 showed high protein content of 

soybean. Protein content in seedlings of soybean shows decline at low 

temperature except in Rossio variety. In case of lentil protein content in 

seedlings initially increase then declined at lethal temperature which was again 

increased by pre treatments. 

14. Protein profile was analysed by SDS-PAGE. Protein synthesis in seeds of all six 

varieties of lentil showed similar type of protein profile in all five varieties 



(Subrata, Lv, Sehore, IPL 81 and IPL 406) except in Asha where protein of 

molecular mass 98 Kda was not expressed. 
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15. Seedlings of lentil subjected to elevated temperatures showed expression of new 

protein bands and suppression of certain existing bands at elevated 

temperatures. 

16. Seedlings of soybean treated at SOC for different time period showed increased 

in expression of some new proteins having molecular masses of 85.6 and16 at 

16h and 22h respectively. 

17. Phenol content was initially increased then declined except in Asha and subrata 

there was a slight increase at 50°C. Phenol content was increased in leaves of 

seedlings pre-treated with SA, ABA and CaCh. Quantification of phenolics in 

soybean at low temperature revealed varietal difference. 

18. HPLC analysis showed the presence of salicylic acid, catechol, chlorogenic acid 

in lentil.. 

19. Proline content showed increase at high temperature which declined in leaves of 

seedlings pre-treated with SA, ABA, CaCh prior to lethal temperature 

treatment. At low temperature in soybean proline content was increased with the 

decrease of temperature. 

20. Chlorophyll content declined at both high and low temperatures which was 

higher in susceptible varieties then in tolerant varieties. Slight increase in 

chlorophyll content was observed in leaves of seedlings treated with SA, ABA 

and CaCh. 

21. Results of all experiments revealed that in lentil, of the six varieties, Sehore and 

Lv were susceptible, while the other four were more or less tolerant. In case of 

soybean, Rossio was more tolerant than the other three. 

22. Statistical analysis of data has been done by Anova and Co-relation studies. 

Correlation between total antioxidant activity of % DPPH inhibition and 

accumulation of antioxidants in both high and low temperatures stress have been 

studied, in between catalase and hydrogen peroxide negative co-relation was 

obtained in two varieties and more or less positive two susceptible varieties at 

low and high temperature stress. 
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CORRIGENDUM 
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The present study was undertaken to determine low temperature induced oxidative stress responses in four cultivars of Glycine max 
(L.) Merr. Seedlings were exposed to low temperatures in the range of 5-25°C for 4 h or up to 24 h at soc with sampling at 2 h inter
vals. Among the enzymes, catalase showed a decline in activity from 2S°C to soc in all cultivars, whereas peroxidase, ascorbate peroxi
dase, glutathione reductase and superoxide dismutase showed an initial increase before declining. Cold stress enhanced lipid 
peroxidation at all temperatures. Accumulation of ascorbate, carotenoid and H202 was enhanced following cold stress but declined 
after 15--10°C. Total antioxidant activity also showed an increase between 1S and l0°C after which it declined. The activity of the anti
oxidative enzymes and accumulation of H202 was also monitored every 2 h up to 24 h at S°C. The time of responses differed with the 
different cultivars, but most of the cultivars responded within 4-6 h. Results revealed that cold stress induces antioxidant activity in all 
the cultivars but the nature of response depended on the cultivars, temperature and period of stress. GR and SOD were significantly 
over-expressed during stress in all cultivars but activities of POX and APOX were significantly higher in tolerant cultivar. 

Keywords: Antioxidative enzymes, antioxidants. cold stress, soybean. 

Introduction 

Legumes play an important role in human diet as they 
are the essential sources of protein. Besides being rich 
source of protein, they are also important for sustain
able agriculture as they improve physical and chemi
cal properties of soil and function as mini nitrogen 
factory. Among the leguminous plants, soybean (Gly
cine max (L.) Merr. is commonly cultivated and used 
for different purposes. It is an important global crop 
and native to South East Asia. Cultivation of this plant 
is greatly hampered due to biotic and abiotic stresses. 
Soybeans are hot season annuals and the plants are 
more sensitive to cold season. Optimal temperature 
requirements for soybean cultivation ranges between 
25 and 30°C. 

Abiotic stresses such as drought, high and low tem
peratures, salinity, etc., occur locally and exhibit 
variation in occurrence, intensity and duration. They 
generally cause reduced crop productivity. Among 
these abiotic stresses, temperature is one of the major 
factors limiting the growth of plants. Temperature 
stress, either as heat, cold or freezing, is a principal 

*For correspondence. (e-mail: chakrabortyusha@hotmail.com) 

cause for yield reduction in crops (Boyer, 1982) and 
reactive oxygen species (ROS) generated by these 
stresses have been shown to injure cell membranes 
and proteins (Queiroz et a!., 1998; Keshavkant and 
Naithani, 2001; Larkin dale and Knight, 2002). Tem
perature stress can have a devastating effect on plant 
metabolism, disrupting cellular homeostasis and 
uncoupling major physiological processes (Suzuki and 
Mittler, 2006). 

Plant species growing in tropical and sub-tropical 
regions show characteristic damage symptoms of both 
roots and shoots exposed to chilling temperatures 
(Raison and Lyons, 1986; Zheng eta!., 1995; Queiros 
et a!., 1998). Chilling injury is associated with 
changes in membrane properties, such as solute leak
age, reduced transport across the plasma membrane, 
malfunction of the mitochondrial respiration and inhi
bition of photosynthetic activity (Lyons, 1973; Lyons 
et a!., 1979), and induction of active oxygen species 
(Omran, 1980; Prasad et a!., 1994; Radyuk et a!., 
2009). In genetically engineered tobacco plants, chill
ing sensitivity has been shown to be correlated with 
the extent of fatty acid unsaturation of the glycerol 
lipids of plastid membranes (Murata et a!., 1992; 
Kodama et a!., 1994 ). During the time of temperature 
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stress ROS level can increase dramatically which 
can result in significant damage to cell structure. 
Prolonged accumulation of ROS is detrimental and 
can cause inactivation of enzymes, lipid peroxidation, 
protein degradation and damage to DNA (Asada, 
1999). Controlling ROS production might therefore 
be a promising avenue of genetic engineering to 
enhance the tolerance of plants to temperature stress 
and a combination of temperature stress and high 
light (Allen, 1995). The extent of oxidative stress in a 
cell is determined by the amount of superoxide, 
hydrogen peroxide and hydroxyl radicals. Hydrogen 
peroxide, though toxic at higher concentrations, also 
plays significant role as signalling molecules in 
various functions like guard cell opening, photopro
tection, pathogenesis and development (Desikan eta!., 
2004, 2005; Miller eta/., 2007). Therefore the balance 
of superoxide dismutase (SOD), ascorbate peroxidase 
(APX) and catalase (CAT) activities will be 
crucial for suppressing toxic ROS level in a cell. 
Changing the balance of scavenging enzymes will 
induce compensatory mechanisms (Chakraborty eta!., 
2005). 

The present study was undertaken to investigate how 
four cultivars of soybean respond to cold temperatures 
with special reference to their antioxidative mecha
nisms, to compare these cutivars for tolerance and to 
determine specific biochemical parameters, if any, 
which could be linked to tolerance. 

Materials and methods 

Plant material and induction of cold stress 

The seeds of three different cultivars of soybean (JS 
335, JS 71-05 and NRC 37) were obtained from the 
National Centre for Soybean Research, Indore, India 
and one (Rossio) from ICAR Gangtok, India. Viabi
lity was checked in laboratory and seedlings of the 
different cultivars were then raised from this stock of 
seeds. Seeds were soaked overnight in distilled water 
after surface sterilization with 0.1% HgCh and grown 
in petri plates. For experimental purposes, one-week
old seedlings were transferred to pots containing 
sandy loam soil mixed with farmyard manure. Plants 
were watered regularly and maintained properly. One
month-old seedlings of the different cultivars were 
exposed to low temperature of 25°C-5°C for 4 h, and 
for different hours at 5°C. During cold temperature 

treatment, plants were kept in plant growth chamber, 
at 70-75% humidity and 12 h photoperiod. 

Antioxidant enzyme extraction and assays 

For extraction of enzymes, mature leaf samples were 
initially ground to powder in liquid nitrogen and then 
extracted with 50 mM sodium phosphate buffer [per
oxidase, catalase (pH 6.8) and ascorbate peroxidase 
(pH 7.2) and 100 mM potassium phosphate buffer, pH 
7.6 (glutathione reductase and total superoxide dismu
tase)] using polyvinylpyrrolidone under ice cold 
conditions. The homogenates were then centrifuged at 
10,000 rpm for 15 min. Supernatants were used as 
crude enzyme extracts. 

Assay 

Peroxidase (POX: EC. 1.11.17). For determination 
of peroxidise activity, 100 J..ll of freshly prepared 
crude enzyme extract was added to the reaction mix
ture containing 1 ml of 200 mM sodium phosphate 
buffer (pH 5.4), 45 J..ll of 30% H20 2, 100 J..ll of 0-
dianisidine ( 5 mg/ml methano 1) and 1. 7 ml of distilled 
water. Peroxidise activity was assayed spectropho
tometrically in UV VIS spectrophotometer (Model 
118 SYSTRONICS) at 460 nm by monitoring the oxi
dation of 0-dianisidine in presence of H20 2 (Chak
raborty eta!., 1993). Specific activity was expressed 
as M460 mg protein-1 min-1

. 

Ascorbate peroxidase (APOX: EC.1.11.1.11). Acti
vity was assayed as decrease in absorbance by moni
toring the oxidation of ascorbate at 290 nm according 
to the method of Asada (1984) with some modifica
tion. The reaction mixture consisted of 0.01 ml of 
enzyme extract, 0.01 m1 of 0.5 mM ascorbic acid, 
0.01 m1 of 30% H20 2 and 2.97 ml of sodium phos
phate buffer (pH 7.2). Enzyme activity was finally 
expressed as M 290 mg protein-1 min-1

• 

Catalase (CAT: EC.1.11.1.6). Catalase activity was 
assayed as described by Chance and Machly (1955). 
Enzyme extract ( 40 J..ll) was added to 3 ml of 30% 
H20 2 in phosphate buffer (0.4 ml of 30% HzOz to 
100 ml of phosphate buffer, pH 7.0) and the break
down of H20 2 was measured at 240 nm in a spectro
photometer. An equivalent amount of buffer 
containing H20 2 was used as reference. The enzyme 
activity was expressed as Mz45 mg protein-1 min-1

• 
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Superoxide dismutase (SOD: EC 1.15.1.1). SOD 
activity was assayed by monitoring the inhibition of 
the photochemical reduction of nitroblue tetrazolium 
(NBT) according to the method of Dhindsa et al. 
(1981) with some modification. Each 3 ml of the 
assay mixture constituted of 0.1 ml enzyme extract, 
1.5 ml phosphate buffer (100 mM, pH 7.6), 0.1 ml 
Na2C03 (1.5 mM), 0.1 ml NBT (2.25 mM), 0.2 ml 
methionine (200 mM), 0.1 ml EDT A (3 mM), 0.1 ml 
riboflavin (0.06 mM) and 0.8 ml of distilled water. 
The reaction tubes containing enzyme samples were 
illuminated with 15 W fluorescent lamp for 1 0 min. 
The other set of tubes lacking enzymes were also 
illuminated and served as control. A non-irradiated 
complete reaction mixture served as blank. The absor
bance of samples was measured at 560 nm and 1 unit 
of activity was defined as the amount of enzyme re
quired to inhibit 50% of the NBT reduction rate in the 
controls containing no enzymes. 

Glutathione reductase (GR: EC 1.6.4.2). Glutathione 
reductase activity was determined by the oxidation of 
NADPH at 340 nm as described by Lee and Lee 
(2000). The reaction mixture consisted of 1 00 mM 
potassium phosphate buffer (pH 7.6), 100 mM EDTA, 
0.1 mM NADPH, 0.6 mM glutathione ( oxidised form, 
GSSG) with 0.1 ml of enzyme extract. The reaction 
was initiated by the addition of NADPH at 25°C. En
zyme activity was finally expressed as J..lmols NADPH 
oxidized mg protein-1 min-1

• 

Estimation ofprotein content 

Protein content in each of the extract was estimated 
following the method of Lowry et el. (1951) using 
BSA as standard. 

Determination of hydrogen peroxide 

The hydrogen peroxide was extracted by following 
the method of Jena and Choudhuri (1981) by homo
genizing 50 mg mature intermediate leaf tissue with 
3 ml of phosphate buffer (50 mM, pH 6.5). The homo
genate was then centrifuged at 6000 g for 25 min. To 
determine Hz02 level, 3 ml of extracted solution was 
mixed with 1 ml of 0.1% Titanium sulphate in 20% 
HzS04 (w/v), and the mixture was then centrifuged at 
6000 g for 15 min. The intensity of the yellow colour 
of the supernatant was measured at 410 nm. Concen
tration of HzOz was calculated using the extinction 
coefficient (0.28 ~-tmol- 1 cm-1

). 

Determination of peroxidation of membrane 
lipids 

Lipid peroxidation was measured in terms of malon
dialdehyde (MDA) content as described by Dhindsa et 
al. ( 1981 ). Mature intermediate leaf tissue was homo
genized in 2 ml of 0.1% (w/v) trichloroacetic acid 
(TCA) and centrifuged. 0.5 ml of the supernatant was 
mixed with 2 ml of 20% TCA containing 0.5% of 
(v/v) thiobarbituric acid. The mixture was heated 
at 95°C for 30 min, quickly cooled and centrifuged at 
10,000 rpm for 10 min. The absorbance of the super
natant was read at 532 nm and 600 nm. The concen
tration of MDA was calculated by means of an 
extinction coefficient of 155 mM-1 cm-1

• 

DPPH (1,1-diphenyl-2-picryl hydrazyl) analysis 
for antioxidant 

Mature intermediate leaves were powdered and 1 g of 
the powder was combined with 4 ml of methanol, cen
trifuged at 4000 rpm for 10 min, supernatant was col
lected and placed in a 60°C water bath for 25 min 
(Blois, 1958). The semi-dried extract was gathered 
and for estimation, 0.2 g of the extract was dissolved 
in 10 ml of methanol. Two ml of DPPH solution with 
a concentration of 0.025 g of DPPH in 1000 ml of 
methanol was mixed with 40 ~-tl of extract solution and 
the initial reading was taken. After a 30 min incuba
tion at room temperature, the reaction solution was 
examined at 515 nm by using a spectrophotometer 
(UV-VIS Spectrophotometer, Model 118 Systronics). 
The inhibition percentage of the absorbance of DPPH 
solution was calculated using the following equation 

Inhibition%= A To- AT30 x 100. 
AT0 

(ATo is the absorbance of DPPH at time zero. AT30 

is the absorbance of DPPH after 30 min of incuba
tion.) 

Results 

Effect of low temperatures on antioxidative 
enzymes 

Enzymes were extracted from the leaves of seedlings 
of the cultivars- Rossio, NRC 37, JS-335 and JS 71-
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Table I. Effect of low temperature stress on catalase activities of soybean cultivars. 

CAT activity (~245 mg protein-1 min-1
) 

Temperature (°C) Rossio JS 335 JS 71-05 NRC 37 

25 0.368 ± 0.013 O.D75 ± 0.003 0.086 ± 0.007 0.320 ± 0.010 
20 0.176 ± 0.009 0.058 ± 0.004 0.063 ± 0.005 0.265 ± 0.021 
15 0.090 ± 0.008 0.052 ± 0.009 0.043 ± 0.004 0.113 ± 0.009 
10 0.064 ± 0.006 0.037 ± 0.002 0.030 ± 0.003 0.083 ± 0.007 
5 0.038 ± 0.002 0.028 ± 0.004 0.022 ± 0.002 0.040 ± 0.008 

CD (P = 0.05) treatments- 0.126; cultivars- 0.113 

Average of three separate experiments;± SE. 

Table 2. Changes in peroxidase activities of soybean cultivars exposed to low temperatures. 

POX activity (~460 mg protein-1 min- 1
) 

Temperature (0 C) Rossio JS 335 JS 71-05 

25 0.180 ± 0.011 0.159 ± 0.009 0.176 ± 0.040 
20 0.200 ± 0.008 0.209 ± 0.010 0.198 ± 0.009 
15 0.243 ± 0.040 0.352 ± 0.032 0.330 ± 0.031 
10 0.692 ± 0.022 0.319 ± 0.015 0.227 ± 0.018 
5 0.339 ± 0.012 0.290 ± 0.043 0.222 ± 0.015 

CD (P = 0.05) treatments- 0.182; cultivars- 0.163 

Average of three separate experiments; ± SE. 

NRC 37 

0.417 ± 0.036 
0.442 ± 0.020 
0.686 ± 0.070 
0.518 ± 0.050 
0.300 ± 0.040 

Table 3. Effect of low temperature stress on ascorbate peroxidase activities of soybean cultivars. 

APOX activity (~290 mg protein-1 min-1
) 

Temperature (°C) Rossio JS 335 JS 71-05 NRC 37 

25 0.232 ± 0.019 0.162 ± 0.053 0.270 ± 0.027 0.567 ± 0.030 

20 0.546 ± 0.064 0.284 ± 0.022 0.420 ± 0.034 0.680 ± 0.029 

15 0.786 ± 0.046 0.433 ± 0.039 0.739 ± 0.045 0.717 ± 0.077 

10 0.896 ± 0.052 0.360 ± 0.017 0.530 ± 0.048 0.225 ± 0.020 

5 0.429 ± 0.022 0.150 ± 0.020 0.096 ± 0.055 0.240 ± 0.018 

CD (P = 0.05) treatments- 0.257; cultivars- 0.230 

Average of three separate experiments;± SE. 

OS subjected to temperatures of 2S, 20, 2S, 10 and soc 
for a period of 4 h and assayed. Sampling was done 
soon after imposition of stress. Assay of activities 
revealed that in all cultivars, there was a decline in 
activity of catalase with decrease in temperature. 
Among the four cultivars, Rossio and NRC-37 had 
higher constitutive catalase activities, but at S°C, all 
had similar low activities (Table l ). The decrease in 
the activity of catalase was around 9-fold in the above 
two cultivars, but around 3-fold in the other two. Acti
vities of all the other enzymes, i.e. peroxidase, ascor-

bate peroxidase, glutathione reductase and superoxide 
dismutase showed an initial increase followed by a 
decline. In JS 33S, JS 710S and NRC 37, the activities 
increased till 1S°C, but with further decrease in tem
perature, the enzyme activities also declined. How
ever, in Rossio the activities increased till 1 0°C and 
there was a decline at so (Tables 2-S). Statistical 
analysis (ANOVA) revealed that among the five enzy
mes, SOD and GR increased significantly at 20, 1S 
and 1 0°, whereas CAT activity decreased significantly 
from 1S 0 onwards. 
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Table 4. Superoxide dismutase activities of soybean cultivars exposed to low temperatures. 

SOD activity (EU mg protein-') 

Temperature (0 C) Rossio JS 335 JS 71-05 NRC 37 
--------··· ----

25 
20 
15 
10 
5 

0.132 ± 0.014 
1.460 ± 0.023 
1.800 ± 0.012 
2.080 ± 0.046 
0.680 ± 0.012 

0.080 ± 0.009 
1.400 ± 0.013 
1.560 ± 0.010 
0.840 ± 0.012 
0.240 ± 0.009 

0.072 ± 0.002 0.232 ± 0.009 
0.880 ± 0.024 1.960 ± 0.012 
1.640 ± 0.035 2.120 ± 0.043 
0.480 ± 0.014 1.720 ± 0.025 
0.080 ± 0.004 0.456 ± 0.010 

CD (P = 0.05) treatments- 0.469; cultivars- 0.419 

Average of three separate experiments;± SE. 

A -Rosslo ...... JS335.......,.JS7l-05--NRC37 
For further analysis, the seedlings were exposed to 
5°C for 24 h and sampling was done every 2 h. Cata
lase activities showed an interesting trend. Initially, 
the activity declined in all cultivars up to 4 h, with the 
decline being very steep in Rossio and NRC 37. After 
4 h, there was an increase in activity till 22 h in Ros
sio, and 16 h in NRC 37. In JS 335 and JS 71-05, a 
sort of plateau was observed between 10 and 14 h and 
then a further decline was noticed (Figure I). 
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Figure 1. Catalase (A), ascorbate peroxidase (B) and peroxidase 
(C) activities in soybean cultivars subjected to low temperature of 
soc for a period of 24 h. 

Ascorbate peroxidase activities also showed an initial 
decline till 6 h in three cultivars and till 12 h in Ros
sio. In all cultivars, activities further increased till 
18 h of treatment and declined again after that (Figure 
1 B). In case of peroxidase activity, Rossio showed 
enhanced activity till 12 h, a decline thereafter and a 
further increase after 20 h. In all the other three culti
vars, activities initially increased till 6 h and then 
declined (Figure I C). Glutathione reductase and 
superoxide dismutase activities increased significantly 
in Rossio till 8-1 0 h and then declined. In the other 
three cultivars, an initial increase in activities was 
noticed till 4-6 h following which a decline was 
observed (Figure 2A and B). 

Determination of levels of H20 2 at different tempera
tures revealed that with decrease in temperature, 
accumulation was enhanced, till 15° in cultivars 
NRC 37, JS 335 and JS 71-05, and till 10° in Rossio 
(Table 6). 

Accumulation of H20 2 was also monitored for 24 h 
and results taken every 2 h. It was observed that in 
Rossio, two peaks were evident in the accumulation 
pattern - one at 6 h and the other at 20 h. In the other 
three cultivars, after an increase till 6-8 h there was 
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Table 5. Effect of low temperature stress on glutathione reductase activities of soybean cultivars. 

GR activity (Jlmols NADH oxidized mg protein~ 1 min~ 1 ) 

Temperature (0 C) Rossio JS 335 JS 71-05 NRC 37 

25 0.862 ± 0.048 0.380 ± 0.064 0.880 ± 0.074 0.788 ± 0.072 
20 2.280 ± 0.170 2.460±0.178 1.840 ± 0.098 2.840 ± 0.245 
15 3.120 ± 0.135 2.840 ± 0.188 2.480 ± 0.175 3.620 ± 0.227 
10 3.740 ± 0.314 1.500 ± 0.116 1.340 ± 0.158 1.830 ± 0.180 
5 1.030 ± 0.166 0.592 ± 0.056 0.412 ± 0.032 1.630 ± 0.169 
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Figure 2. Effect of exposure to low temperature of 5°C for a 
period of 24 h on glutathione reductase (A) and superoxide dismu
tase (B) activities in soybean cultivars. 

decline, and a further increase after 20 h which was 
maintained till 24 h (Figure 3). 

Lipid peroxidation 

Lipid peroxidation was measured in terms of MDA 
during the different low temperatures. Cold stress 

increased MDA accumulation at all low temperatures 
in all cultivars (Table 7). Initially, MDA content was 
not significantly different from control in any of the 
cultivars, but at I 0° and 5°C, significant differences 
from control were observed . 

Total antioxidant activity 

Total antioxidant activity was measured in terms of 
percentage of inhibition of DPPH. Antioxidant acti~ 
vity increased under temperature stress till 15-l0°C 
(Table 8). Overall antioxidant activity during cold 
stress was significantly enhanced in comparison to 
control. Among the cultivars, Rossio showed signifi
cantly higher activities than the other cultivars. 

Discussion 

The antioxidant responses of one-month-old soybean 
seedlings were determined in four cultivars exposed to 
varying cold temperatures. Analysis of five anti
oxidant enzymes revealed that activities of four 
enzymes, i.e. superoxide dismutase, peroxidase, 
ascorbate peroxidase and glutathione reductase were 
initially enhanced with decrease in temperature. But 
after a threshold temperature, activities declined. Of 
the four cultivars, three showed similar trend, where 
the activities started declining after l5°C. However, in 
Rossio, increase in activity continued till I 0°C. It is 
clear that in all cultivars, increase in the cold-induced 
stress led to an initial response where the antioxidant 
activity was enhanced to withstand the stress. Catalase 
activity in all cultivars decreased with a decrease in 
temperature. Decrease in activity of catalase was cor
related with an increased build up of H20 2 in the 
tissues. However, H20 2 accumulation was highest at 
1 0°C in Rossio and at l5°C in other cultivars. It is 
quite probable that H20 2, being involved in signalling, 
would be initially built up, until it reaches a toxic 
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Table 6. Accumulation of H20 2 in soybean cultivars under low temperature stress. 

H20 2 content (J.l mols g fresh wt tissue 1
) 

Temperature (0 C) Rossio JS 335 JS 71-05 NRC37 

25 16.71 ± 1.024 12.86 ± 0.932 14.36 ± 0.837 13.91 ± 0.916 

20 19.71 ± 0.890 14.36 ± 0.897 18.86 ± 0.649 13.93 ± 0.829 

15 25.50 ± 2.368 21.64 ± 0.954 24.90 ± 1.175 29.00 ± 1.127 

10 30.20 ± 1.159 20.36 ± 1.058 20.36 ± 1.050 22.10 ± 1.084 

5 25.50 + 2.130 16.40 + 0.984 19.93 + 0.816 10.29 ± 0.933 

Average of three separate experiments; ± SE. 

Table 7. Effect of low temperatures on lipid peroxidation of soybean cultivars. 

Temperature (0 C) 

25 
20 
15 
10 
5 

Rossio 

0.032 ± 0.005 
0.038 ± 0.009 
0.045 ± 0.007 
0.050 ± 0.006 
0.058 + 0.002 

Average of three separate experiments; ± SE. 

--Rosslo ..,..JS335 
.......,.JS'11-0~ --NRC 3~ 

4 6 

Hours oftrf'lltment 

MDA content (J.l mols g fresh wC1
) 

JS 335 

0.029 ± 0.002 
0.029 ± 0.003 
0.042 ± 0.003 
0.069 ± 0.005 
0.083 + 0.008 

JS 71-05 

0.036 ± 0.002 
0.037 ± 0.005 
0.067 ± 0.005 
0.088 ± 0.006 
0.094 + 0.006 

NRC 37 

0.029 ± 0.001 
0.045 ± 0.002 
0.061 ± 0.007 
0.073 ± 0.007 
0.096 ± 0.006 

stress of 15-1 0°C, ascorbate peroxidase and catalase 
activities did not change, in contrast with the activities 
of guaicol peroxidase, which increased. 

Figure 3. Accumulation of H20 2 in soybean cultivars subjected 
to low temperature of soc for a period of 24 h. 

Cellular damage caused by superoxide and lipid per
oxidation might be reduced or prevented by protective 
mechanisms like free radical processing by enzymes 
such as SOD, CAT, POX and APOX (Asada and 
Takahashi, 1987). Ascorbate peroxidase gene expres
sion and activity has been reported to be rapidly in
duced by various stress conditions including chilling 
(Prasad, et a!., 1994; Keshavant and N aithani, 2001). 
Lukatin (2001) compared SOD activity in various 
plant species differing in their cold-resistance during 
chilling. According to him, in resistant cultivars, chill
ing sharply activated SOD production. It has been 
reported that under stress conditions different plants 
and tissues respond to SOD induction differently sug
gesting that different mechanisms may be involved in 
protection against oxidative stress (Blokhina et a!., 
2003). Huang and Guo (2005) reported that, under 
chilling conditions, SOD activity of tolerant rice cul
tivar remained similar to control, whereas that of sus
ceptible cultivar decreased after chilling and remained 
low throughout the chilling period. However, Radyuk 
et al. (2009) reported that under low temperature 
stress, total SOD activity exceeded the initial value by 

level, at which point it would be broken down. Pre
vious reports have also confirmed that stresses lead to 
a decrease in catalase activities (Fadzillah eta!., 1996; 
Tongden and Chakraborty, 2005), which could be cor
related to accumulation of H20 2. Queiroz et al. (1998) 
reported that in coffee seedlings subjected to chilling 



30 Usha Chakraborty and Deepti Pradhan 

Table 8. Antioxidant activities in soybean cultivars exposed to low temperatures. 

%inhibition ofDPPH 

Temperature (0 C) Rossio JS 335 JS 71-05 NRC37 

25 18.34 ± 0.924 17.67 ± 0.862 11.27 ± 0.937 16.50 ± 0.960 
20 26.30 ± 1.695 22.50 ± 1.897 25.63 ± 0.859 23.80 ± 1.290 
15 31.51 ± 1.668 37.99 ± 1.956 34.60 ± l.l25 36.90 ± 1.272 
10 40.35 ± 1.069 28.53 ± 1.582 22.20 ± l.l56 29.60 ± 1.035 
5 31.99 ± 1.630 21.97 ± 0.949 19.16 + 0.918 20.40 + 1.093 

Average of three separate experiments;± SE. 

15%. In the present study also, SOD activities increa
sed most significantly during low temperature. How
ever, this was more or less similar in the different 
cultivars. Payton et a/. (200 1) also reported that ele
vating levels of APOX or GR improved recovery of 
cotton from chilling in transgenic plants. Among the 
enzymes, peroxidase and ascorbate peroxidase in
creased by about 4-fold in one of the cultivars, Ros
sio, whereas in other three cultivars the increase was 
about 2-fold. This cultivar could also maintain higher 
levels of antioxidative enzymes till 1 0°C, and the 
decline was evident only after this temperature. This 
cultivar, more commonly cultivated in higher alti
tudes, was more tolerant to lower temperatures than 
the other cultivars, which are normally grown in the 
plains. 

In the present study, besides analysis of enzyme acti
vities of plants subjected to varying temperatures at 
one time period, analysis of enzyme activities for 24 h 
at 5°C was also monitored every two hours. Results 
revealed that both catalase and ascorbate peroxidase 
showed an initial decline in activity for 4-6 h before 
being enhanced. Thus, during the early period of 
stress, protection against cold stress is provided by 
activities of peroxidase, superoxide dismutase and 
glutathione reductase which are enhanced initially and 
lead to a certain degree of protection against oxidative 
stress. The decline in activity of CAT and APOX 
could be correlated with an increase in accumulation 
of H20 2 detected during the early hours. It is quite 
clear that in the early period of oxidative stress, there 
is an accumulation of H20 2 which, besides being an 
ROS, is also involved in signaling (Chakraborty, 
2005). It is now clear that ROS, besides being toxic 
molecules causing damage to proteins and DNA, are 
also involved in signalling substances for guard cell 
functioning, photoprotection, pathogenesis and deve
lopment (Desikan et al., 2004; Einset et a/., 2007). 

With increase in the duration of cold stress, catalase 
and ascorbate peroxidase activities increase resulting 
in breakdown of H20 2. Prolonged period of stress or 
increasing the stress intensity, however, leads to a 
decline in activity, indicating that the plants succumb 
to oxidative stress after an initial resistance. 

Membrane damage is one of the most important con
sequences of cellular injury by temperature stress. 
Membrane injury was detected in terms of lipid per
oxidation of membranes indicated by accumulation of 
malonaldehyde. In the present study, increased accu
mulation of MDA was observed in all cultivars sub
jected to the cold stress, but least was observed in cv. 
Rossio. Several authors have confirmed that peroxida
tion of membranes contributes to oxidative stress in
duced by chilling or high temperatures (Queiroz eta/., 
1998; Jiang and Huang, 2000; Larkindale and Huang, 
2004; Huang and Guo, 2005; Kumar and Yadav, 
2009). Finally, the overall antioxidant activity of the 
cell was determined by DPPH reduction assay. It was 
observed that the total antioxidant activity also in
creased initially and then declined. The total antioxi
dant activity of one of the cultivars, Rossio, was 
significantly higher than the others. 

In conclusion, it may be stated that soybean plants 
respond to cold stress by an initial enhancement of 
antioxidant activity which, however, declines with 
prolonged stress. Activities of POX and APOX were 
higher in the tolerant cultivar, indicating a major role 
of peroxide detoxification in tolerance to cold stress. 
However, SOD and GR were involved in the overall 
detoxification mechanisms as their levels increased 
significantly. Among the cultivars, Rossio, which is 
grown in the hilly regions exhibited more tolerance 
towards cold stress as evidenced by maintenance of 
antioxidant activities for longer periods in comparison 
to other cultivars. Higher activities of antioxidative 
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enzymes during chilling, along with accumulation of 
other antioxidants, and lower lipid peroxidation could 
be associated with tolerance in soybean. 
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High temperature-induced oxidative stress in Lens culinaris, role of antioxidants and 
amelioration of stress by chemical pre-treatments 
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Six varieties of lentil (Lens cu/inaris Medik.)- Asha, Subrata, IPL 406, IPL 81, Lv and Sehore- were exposed to 
temperatures ranging from 30-SOoC which resulted in retarded germination and seedling growth at higher 
temperatures. Tolerance index and membrane stability tests revealed Sehore and Lv to be susceptible to elevated 
temperatures while IPL 406, IPL 81, Asha and Subrata were tolerant. Catalase, ascorbate peroxidase and 
superoxide dismutase showed an initial increase before declining at 50°C, while peroxidase and glutathione 
reductase activities declined at all temperatures. Lipid peroxidation significantly increased in all varieties. In the 
tolerant varieties, there was an initial decrease in accumulation of H20 2 followed by an increase from 40oC 
onwards; however, in the susceptible varieties, accumulation was enhanced at all high temperatures. Ascorbate 
and glutathione also showed initial increase followed by a decline. Total antioxidant activity was at a maximum 
at 35-40°C in the tolerant varieties and at 30°C in the susceptible ones. Oxidative stress induced by high 
temperature was ameliorated by treatment with salicylic acid, abscisic acid or CaCh, of which salicylic acid was 
the most effective. 

Keywords: Lens culinaris; high temperature; oxidative stress; antioxidants; salicylic acid 

Introduction 

Elevated temperature stress is one of the major 
factors limiting the growth of plants as it adversely 
affects normal physiological processes such as photo
synthesis, respiration, membrane stability and protein 
metabolism (Georgieva 1999). A major mechanism of 
injury is by the generation of reactive oxygen species 
such as superoxides, hydrogen peroxide and hydroxyl 
radicals which damage cellular components (Noctor 
and Foyer 1998; Liu and Huang 2000; Breusegem eta!. 
2001). During the time of temperature stress, reactive 
oxygen species level can increase dramatically which 
can result in significant damage to cell structure. 
Prolonged accumulation of reactive oxygen species 
(ROS) is very harmful and can cause inactivation of 
enzymes, lipid peroxidation, protein degradation and 
damage to DNA. In order to limit oxidative damage 
under stress condition, plants have developed a 
series of enzymatic and non-enzymatic detoxification 
systems that break down the highly toxic reactive 
oxygen species to less reactive molecules (Sairam and 
Tyagi 2004). Antioxidant enzymes such as superoxide 
dismutase, catalase, peroxidase, ascorbate peroxidase 
and glutathione reductase function in detoxification of 
superoxide and H202 (Mittler 2002). Protective roles 
of the antioxidant enzymes in temperature stress 
have been previously reported for a number of plants 
(Almeselmani et a/. 2006; Babu and Devraj 2008). 
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Antioxidant metabolites like glutathione, ascorbic 
acid, tocopherol and carotenoids also protect plants 
against oxidative stress (Sairam et at. 2000). It has also 
been reported that increase in temperature leads to ion 
leakage and this could be used as an index for screening 
genotypes against heat stress (Deshmukh eta/. 1991). 

A promising area for increasing resistance of crops 
to thermal stress is by the use of chemical treatments 
like salicylic acid, abscisic acid and calcium chloride 
(Larkindale and Knight 2002; Chakraborty and 
Tongden 2005; He et a/. 2005). Acquisition of thermo
tolerance is likely to be of particular importance to 
plants that experience daily temperature fluctuations 
and are unable to escape to more favorable environ
ments. Lentil (Lens cu/inaris), a legume, is a bushy 
annual plant grown for its lens-shaped seeds. Lentils 
contain high levels of proteins, including the essential 
amino acids isoleucine and lysine, and are an essential 
source of inexpensive protein in many parts of the 
world for those who adhere to a vegetarian diet and 
are widely used in India. Apart from a high level of 
proteins, lentils also contain dietary fiber, folate, 
vitamin B 1, and minerals. Lentils are relatively 
tolerant to drought and are grown throughout the 
world. They are cool season annuals and are sensitive 
to high temperatures. About a third of the worldwide 
production of lentils is from India, most of which 
is consumed in the domestic market. However, 
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productivity is seriously hampered by narrow genetic 
base of the presently cultivated varieties and losses 
due to the biotic and abiotic factors (Tickoo et al. 
2005). 

The present investigation was undertaken to 
determine the effect of high temperatures on anti
oxidative enzymes, antioxidants, lipid peroxidation 
and membrane stability on different varieties of Lens 
culinaris and to identify the most tolerant varieties. 
Besides, amelioration of high temperature stress by 
pre-treatment with some chemicals has also been 
attempted. 

Materials and methods 

Plant material and induction of high temperature stress 

The seeds of six different varieties of Lens culinaris 
Medik. - Asha, Subrata, IPL 81, IPL 406, Lv and 
Sehore - were obtained from the Indian Institute of 
Pulses Research, Kanpur, Uttar Pradesh, and Oil and 
Pulses Research Centre, Behrampur, West Bengal. 
The above varieties have been released and grown in 
different geographical regions of the country: Asha, 
Subrata in the Eastern region, Lv in North Eastern 
regions and IPL 81, 406 and Sehore from the North 
West. Hence, these were selected to study varieties 
obtained from different locations. Viability was 
checked in the laboratory and seedlings of the 
different varieties were then raised from this stock 
of seeds. Seeds were surface sterilized with 0.1% 
HgCh (wfv) for 3 min and washed 3-4 times 
thoroughly with sterile distilled water; after which 
surface sterilized seeds were soaked overnight in 
sterile distilled water and grown in Petri dishes at 
20°C. For experimental purposes, small seedlings 
were transferred to pots containing sandy loam soil 
mixed with fannyard manure. Plants were watered 
regularly twice a day - early in the morning and 
evening- and maintained properly by weeding once a 
week. One month-old seedlings were exposed to the 
different elevated temperatures of 30, 35, 40, 45 and 
50°C for 4 h in plant growth chamber at 65-70% RH, 
16 h photoperiod and irradiance of 400 ~mol 
m- 2s -I. Immediately after temperature treatment, 
sampling was carried out for various analyses. 

Chemical pre-treatments 

For chemical pre-treatments, one month-old seedlings 
of the different varieties were sprayed with solutions 
of salicylic acid (100 j.l.M), ABA (50 J,LM) or CaCh 
(10 mM) separately twice a day (early in the morning 
and in the evening) for a week after which seedlings 
were exposed to sooc as described. 

Determination oftolerance index (Tl) of seedlings 

Variation in heat tolerance of the seedlings was 
calculated as the tolerance index (TI) which gives 
the percentage of shoot and/or root fresh biomass 

(g/plant) of treated (FW1) over untreated control 
(FW c) plants according to the following equation as 
suggested by Metwally et a/. (2005): 

TI (%) = (FWJFWC X 100)- 100. 

Determination of cell membrane tlrermostability 

Membrane thennostability was tested by cell 
membrane stability (CMS) test with the pinnules 
obtained from seedlings following the method of 
Martineau et a/. (1979). The injury was detennined 
by following the equation: 

Relative injury (RI) (%) 

= {l-[l-(TI/T2)J/[l-(CI/C2)J} X 100. 

where T and C refer to the conductance in treatment 
and control tubes and subscripts 1 and 2 refer to 
reading before and after autoclaving, respectively. 

Determination of peroxidation of membrane lipids 

Lipid per oxidation was measured in terms of malon
dialdehyde (MDA) content as described by Dhindsa 
et a/. (1981 ). Mature intermediate leaf tissue was 
homogenized in 2 ml of O.l% (w/v) tricholoroacetic 
acid (TCA) and centrifuged for I 0 min at I 0,000 rpm at 
4°C. Supernatant (0.5 ml) was mixed with 2 ml of20% 
trichloroacetic acid containing 0.5% of (v/v) thio
barbituric acid. The mixture was heated at 95°C for 
30 min, quickly cooled and centrifuged at 10,000 rpm 
for 10 min. The absorbance of the supernatant was 
read at 532 and 600 nm. The concentration of MDA 
was calculated by means of an extinction coefficient of 
155mM- 1cm- 1. 

Antioxidant enzyme extraction and assays 

For extraction of enzymes, mature leaf samples were 
initially ground to powder in liquid nitrogen and then 
extracted with 50 mM sodium phosphate buffer 
(peroxidase, catalase (pH 6.8) and ascorbate per
oxidase (pH 7.2)) and 100 mM potassium phosphate 
buffer, pH 7.6 (glutathione reductase and total 
superoxide dismutase) using polyvinylpyrrolidone 
under ice cold conditions. The homogenates were 
then centrifuged at 10,000 rpm for 10 min at -4°C. 
Supernatants were used as crude enzyme extracts. 

Assay 

Peroxidase (POX: EC. 1.11.17) 
For detennination of peroxidase activity, 100 J,Ll of 
freshly prepared crude enzyme extract was added to 
the reaction mixture containing l ml of 200 mM 
sodium phosphate buffer (pH 5.4), 45 ~I of 30% 
H202, 100 J.Ll of 0-dianisidine (5 mg/ml methanol) 
and l. 7 ml of distilled water. Peroxidase activity 
was assayed spectrophotometrically in UV VIS 
spectrophotometer (Model 118 SYSTRONICS) at 
460 nm by monitoring the oxidation of 0-dianisidine 
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in the presence of H 20 2 (Chakraborty et a/. 1993). 
Specific activity was expressed as mmol 0-dianisidine 
mg protein- 1min _, 

Ascorbate peroxidase (APOX: EC.l.ll.l.ll) 
Activity was assayed as decrease in absorbance by 
monitoring the oxidation of ascorbate at 290 nm 
according to the method of Asada (1984) with some 
modification. The reaction mixture consisted of 
0.01 ml of enzyme extract, 0.5 mM ascorbic acid, 
30% H20 2 (v/v) and 0.05 M sodium phosphate buffer 
(pH 7.2). Enzyme activity was finally expressed as 
mmol ascorbate mg protein- 1min- 1

• 

Catalase (CAT: EC.l.ll.l.6) 
Catalase activity was assayed as described by Chance 
and Machly (1955). Enzyme extract (40 f.ll) was added 
to 30% H20 2 (vfv) in phosphate buffer and the break
down of H20 2 was measured at 240 nm in a spectro
photometer. An equivalent amount of buffer containing 
H20 2 was used as reference. The enzyme activity was 
expressed as f.liDOl H20 2 mg protein- 1min- 1

. 

Superoxide dismutase (SOD: EC l.l5.l.l) 
SOD activity was assayed by monitoring the inhibition 
of the photochemical reduction of nitroblue tetra
zolium (NBT) according to the method of Dhindsa 
eta!. (1981 ). Each 3 ml of the assay mixture constituted 
ofO.l ml enzyme extract, 100 mM, pH 7.6 phosphate 
buffer, 1.5 mM Na2C03, 2.25 mM NBT, 200 mM 
methionine, 3 mM EDT A, 0.06 mM riboflavin and 
distilled water. The reaction tubes containing enzyme 
samples were illuminated with a 15 W fluorescent lamp 
for 10 Inin. The other set of tubes lacking enzymes 
were also illuminated and served as control. A non
irradiated complete reaction mixture served as blank. 
The absorbance of samples was measured at 560 nm 
and I unit of activity was defined as the amount of 
enzyme required to inhibit 50% of the NBT reduction 
rate in the controls containing no enzymes. 

Glutathione reductase (GR: EC 1.6.4.2) 
Glutathione reductase activity was determined by the 
oxidation of NADPH at 340 nm as described by Lee 
and Lee (2000). The reaction mixture consisted of 
100 mM potassium phosphate buffer (pH 7.6), 2 mM 
EDT A, 0.1 mM NADPH, 0.6 mM glutathione 
(oxidized form, GSSG) with 0.1 ml of enzyme extract. 
The reaction was initiated by addition of NADPH at 
25°C. Enzyme activity was finally expressed as J.lmols 
NADPH oxidized mg protein- 1min- 1. 

Estimation of protein content 
Protein content in each of the extract was estimated 
following the method of Lowry et a/. (1951) using 
BSA as standard curve. 

Extraction and estimation of non-enzymatic 
antioxidants 

Ascorbate 
Ascorbate was extracted and estimated by following 
the method of Mukherjee and Choudhuri (1983). 
Leaves were homogenized in a cold mortar and 
pestle on ice using 10 ml of 6% tricholoacetic acid 
and filtered. To 4 ml of the extract, 2 ml of 2% 
dinitrophenylhydrazine (in acidic medium) and 
I drop of I 0% thiourea (in 70% ethanol) were added. 
The mixture was kept in boiling water bath for 15 min 
and cooled at room temperature; 5 ml of 80% (v/v) 
sulphuric acid was added to the mixture at 0°C. 
The absorbance at 530 nm was recorded. The 
concentration of ascorbate was calculated from a 
standard curve plotted with known concentration of 
ascorbic acid. 

Carotenoids 
Carotenoids were extracted and estimated following 
the method described by Lichtenthaler (1987). Ex
traction was performed in methanol and the extract 
was filtered. Absorbance of the filtrate was noted at 
480, 663 and 645 nm in a VIS spectrophotometer and 
the carotenoid content was calculated using standard 
formula . 

Estimation of total antioxidant activity 

Mature intermediate leaves were powdered and I g of 
the powder was combined with 4 ml of methanol, 
centrifuged at 4,000 rpm for 10 min, supernatant was 
collected and placed in a 60°C water bath for 25 min 
(Blois 1958). The semi-dried extract was gathered and 
for estimation, 0.2 g of the extract was dissolved in 
10 ml of methanol. Two ml of 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) solution with a concentration 
of 0.025 g of DPPH in 1000 ml of methanol was 
mixed with 40 J.ll of extract solution and the initial 
reading was taken. After 30-min incubation at room 
temperature, the reaction solution was examined 
at 515 nm by using a spectrophotometer (UV
VIS Spectrophotometer, Model 118 Systronics). The 
inhibition percentage of the absorbance of DPPH 
solution was calculated using the following equation: 

Inhibition % =A To - A T30 x lOO, 
A T0 

where A T0 was the absorbance of DPPH at time 
zero, and A T3o was the absorbance of DPPH after 
30 Inin of incubation. Total antioxidant activity was 
thus measured as free radical scavenging ability in 
terms of inhibition of absorbance by DPPH. 

Quantification of hydrogen peroxide 

Hydrogen peroxide was extracted following the 
method of Jena and Choudhuri {1981) by homo
genizing 50 mg mature intermediate leaf tissue with 
3 ml of phosphate buffer (50 mM, pH 6.5). The 
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homogenate was then centrifuged at 6,000 g for 25 min. 
To determine H20 2 level, 3 ml of extracted solution 
was mixed with 1 m1 of 0.1% titanium sulphate in 20% 
H 2S04 (wfv), and the mixture was then centrifuged at 
6,000 g for 15 min. The intensity of the yellow color of 
the supernatant was measured at 410 nm. Concentra
tion of H20 2 was calculated using the extinction 
coefficient (0.28j.lmol- 1cm -•) 

Statistics 

Standard error of means, ANOV A and t-test of 
significance were determined wherever appropriate. 

Results 

Tolerance and membrane stability 

The application of the elevated temperature stress 
resulted in near wilting of the seedlings. Tolerance 
index was determined for the six varieties at 50°C and 
on the basis of lowest values ( -21.48 and 25.38, 
respectively) Sehore and Lv were found to be least 
tolerant. All the other four varieties (IPL 406, IPL 81, 
Asha and Subrata) exhibited values ranging from 
-10 to -15. Cell membrane stability of all the 
varieties was determined at the temperature range 
of 20°C (control) -50°C. Membrane stability was 
expressed as% relative injury and results revealed 
that% RI increased with increasing temperatures in 
all the varieties, with maximum being at 50°C. Both 
Sehore and Lv had% RI in the range 85-86%, while 
the others it ranged from 58-68% (Figure 1). 

Lipid peroxidation 
Lipid peroxidation, irrespective of varieties, increased 
significantly following exposure to high temperatures 
(Figure 2). However, at higher temperatures, MDA 
accumulation was about 50% greater in Sehore and 

100 •20'C D30'C llllS'C lli40"C B~S'C •so•c 
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Figure I. Effect of elevated temperatures on cell membrane 
stability of six varieties of Lens culinaris. Results are 
expressed as mean of three replicates (10 plants each). Bars 
represent SE. Different letters indicate significant differ
ences in respect to control (20°C) (p <0.01). 
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Figure 2. Effect of elevated temperatures on lipid perox
idation (expressed as MDA content) in six varieties of Lens 
culinaris. Results are expressed as mean of three replicates 
(10 plants each). Bars represent SE. Different letters 
indicate significant differences in respect to control (20°C) 
(p <0.01). 

Lv in comparison to the other four varieties (IPL 406, 
IPL 81, Asha and Subrata). 

Antioxidative enzymes 
Activities of all five tested antioxidative enzymes -
POX, APOX, CAT, SOD and GR-registered varying 
responses. CAT, SOD and APOX showed an initial 
increase until 35, 40 and 45°C, respectively, but 
declined at 50°C in four varieties IPL 406, IPL 81, 
Asha and Subrata, while in Sehore and Lv it declined 
after 30°C or 35°C. Maximum activity of CAT was 
observed at 35oC in all four varieties IPL 406, IPL 81, 
Asha and Subrata, followed by a significant decline at 
4SOC and 50°C (Figure 3). In the case of SOD, 
maximum activity was observed at 40°C in the 
four varieties IPL 406, IPL 81, Asha and Subrata, 
which were significantly higher than that of control. 
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Figure 3. Catalase activities in six varieties of lentil 
subjected to high temperature treatments. Results are 
expressed as mean of three replicates (I 0 plants each). Bars 
represent SE. Different letters indicate significant differ
ences with respect to control (20°C) (p <0.01). 
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0.9 

Figure 4. Superoxide dismutase activities in six varieties of 
Lens culinaris subjected to high temperature treatments. 
Results are expressed as mean of three replicates (10 plants 
each). Bars represent SE. Different letters indicate signifi
cant differences in respect to control (20°C} (p <0.01). 

However, in Sehore and Lv an initial increase at 30°C 
was followed by a continuous decline until sooc 
(Figure 4). APOX activities increased significantly in 
all six varieties initially. In Sehore, it declined after 
30°C, while in Lv it declined after 35°C. In the other 
four varieties- IPL 406, IPL 81, Asha and Subrata
APOX activity continued to increase until 45°C after 
which a steep decline occurred at 50°C. At sooc again, 
activities in all six varieties activities had fallen to a 
very low level (Figure 5). Activities of POX showed a 
significant decline at all elevated temperatures in IPL 
406, IPL 81, Asha and Subrata, while in the other two 
varieties (Sehore and Lv) there was an initial increase 
at 30°C before declining (Figure 6). GR, on the other 
hand, declined in all six varieties at all elevated 
temperatures (Figure 7). ANOV A also revealed that 
treatment effects on different enzymes varied. In the 
case of CAT, activities from 35°C onwards were 
significantly different from those at 20°C, 30°C and 
35°C, while activities at 4SOC and 50°C were not 
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Figure 5. Ascorbate peroxidase activities in six varieties of 
Lens culinaris subjected to high temperature treatments. 
Results are expressed as mean of three replicates (I 0 plants 
each). Bars represent SE. Different letters indicate signifi
cant differences in respect to control (20°C) (p <0.01). 
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Figure 6. Peroxidase activities in different varieties of Lens 
culinaris subjected to high temperature treatments. Results 
are expressed as mean of three replicates (10 plants each). 
Bars represent SE. Different letters indicate significant 
differences in respect to control (20oC) (p <0.01). 

significantly different. POX activities at 20°C and 
30°C were significantly different from those at higher 
temperatures while from 35°C onwards they were not 
significantly different among themselves. Activities 
of SOD and GR differed significantly between 
higher temperatures from 40°C onwards and those at 
temperatures up to 35°C. 

Antioxidants 
Accumulation of ascorbate and carotenoids also 
showed similar trend to that of the enzymes. An 
initial increase in the four varieties IPL 406, IPL 81, 
Asha and Subrata, at 35-40oC was followed by a 
decline, while in the two varieties L v and Sehore, 
there was a decline at all elevated temperatures 
(Figures 8 and 9). 
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Figure 7. Glutathione reductase activities in different 
varieties of Lens culinaris subjected to high temperature 
treatments. Results are expressed as mean of three 
replicates (10 plants each). Bars represent SE. Different 
letters indicate significant differences in respect to control 
(20°C} (p <0.01). 
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Figure 8. Effect of elevated temperatures on ascorbate 
contents in six varieties of Lens cu/inaris. Results are 
expressed as mean of three replicates (10 plants each). Bars 
represent SE. Different letters indicate significant differ
ences with respect to control (20oq (p <0.01). 

Total antioxidant activity 
Measurement of total antioxidant activity at elevated 
temperatures in all six varieties revealed that in the 
four varieties, IPL 406, IPL 81, Asha and Subrata, 
the highest antioxidant activity was obtained at a 
temperature of 40°C, which was significantly higher 
than that of control, while in Sehore and Lv, a non
significant increase in antioxidant activity was 
obtained at 30°C and 35°C (Figure 10). In the four 
tolerant varieties IPL 406, IPL 81, Asha and Subrata, 
exposure to 40°C resulted in an almost doubling of 
free radical scavenging activity. 

Effect of elevated temperatures on H20 2 accumulation 
Accumulation ofH20 2 showed an interesting trend. In 
the four varieties IPL 406, IPL 81, Asha and Subrata, 
there was an initial decrease in accumulation until 
40°C, after which accumulation started increasing. In 
the two varieties of Sehore and Lv however, an 
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Figure 9. Effect of elevated temperatures on carotenoid 
contents in six varieties of Lens culinaris. Results are 
expressed as mean of three replicates (I 0 plants each). Bars 
represent SE. Different letters indicate significant differ
ences in respect to control (20°C) (p <0.01). 
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Figure 10. Effect of elevated temperatures on free radical 
scavenging activity in six varieties of Lens cu/inaris. Results 
are expressed as mean of three replicates (10 plants each). 
Bars represent SE. Different letters indicate significant 
differences in respect to control (20°C) (p <0.01 ). 

increased accumulation was obtained at all high 
temperatures (Figure 11 ). 

Effect of pre-treatment with chemicals 
Pre-treatment of seedlings with solutions of SA, ABA 
and CaCh followed by exposure to 50°C revealed 
that all three chemicals could provide protection 
against oxidative stress. Activities of CAT, POX, 
APOX, SOD and GR, which had decreased to very 
low levels at 50°C, were enhanced after pre
treatments to levels near normal. Among the three 
chemicals, SA was most effective in the case of CAT, 
SOD and APOX, while CaCh was most effective in 
the enhancement of POX and GR (Table 1). Lipid 
peroxidation was decreased by the pre-treatments. 
Accumulation of carotenoids and ascorbate showed 
significant enhancement in the four tolerant varieties 
when exposed to sooc after the chemical pre
treatments (Table 2). 
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Figure II. Effect ofelevated temperatures on accumulation 
of H20 2 in six varieties of Lens cu/inaris. Results are 
expressed as mean of three replicates ( 10 plants each). Bars 
represent SE. Different letters indicate significant differ
ences with respect to control (20°C) (p <0.01). 
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Table I. Effect of pre-treatments with chemicals on activities of antioxidative enzymes in six varieties of Lens culinaris . 

Varieties Treatments* CAT SOD APOX POX GR 

Ash a Control 0.143±0.031 0.41 ±0.021 0.071 ±0.008 0.168±0.067 0.63±0.021 

50 0.054±0.011 0.09±0.005 0.018 ± 0.007 0.001 ±0.003 0.01 ±0.011 

SA 0.157 ± 0.032 0.41 ±0.008 0.107 ±0.002 0.134±0.006 0.54±0.022 

ABA 0.057 ±0.010 0.23±0.006 0.057 ±0.001 0.122 ±0.007 0.72±0.032 

CaCI2 0.071 ±0.009 0.31 ±0.003 0.036±0.001 0.1 54± 0.005 0.73±0.014 

Subrata Control 0.243±0.011 0.31 ±0.001 0.107 ± 0.002 0.92±0.050 0.72±0.022 

50 0.071 ±0.009 0.16±0.001 0.029 ± 0.00 I 0.001 ±0.008 0.02±0.009 

SA 0.225 ± 0.006 0.47 ±0.004 0.179±0.010 0.096 ± 0.113 0.47±0.008 

ABA 0.071 ±0.010 0.20±0.003 0.05±0.009 0.147 ±0.032 0.31 ±0.007 

CaC}z 0.107 ±0.021 0.14±0.002 0.125 ±0.008 0.128±0.168 0.42±0.017 

IPL 406 Control 0.107±0.019 0.36±0.003 0.086±0.005 0.141 ±0.095 0.31 ±0.021 

50 0.025 ± 0.007 0.06±0.001 0.011 ±0.006 0.002 ± 0.003 0.02±0.008 

SA 0.1 ±0.006 0.33±0.008 0.15±0.010 0.131 ±0.015 0.30±0.011 

ABA 0.046 ± 0.005 0.15±0.004 0.079 ± 0.003 0.138±0.016 0.36±0.013 

CaC)z 0.075 ±0.004 0.19±0.001 0.118 ± 0.006 0.140±0.018 0.31 ±0.022 

IPL 81 Control 0.161 ±0.005 0.24±0.007 0.107 ±0.002 0.125±0.021 0.39±0.022 

50 0.043 ± 0.003 0.05±0.001 0.014±0.001 0.002±0.009 0.04±0.008 
SA 0.154±0.003 0.25±0.020 0.164±0.012 0.137±0.008 0.31 ±0.005 
ABA 0.079±0.006 0.11 ±0.009 0.1 ±0.013 0.106±0.003 0.22±0.011 
CaC)z 0.068 ± 0.004 0.11 ±0.010 0.089±0.009 0.144±0.006 0.45±0.014 

Sehore Control 0.164±0.013 0.18±0.007 0.154±0.011 0.142±0.016 0.28±0.013 
50 0.014 ± 0.004 0.01 ±0.006 0.007 ±0.001 0.011 ±0.008 0.01 ±0.003 
SA 0.157±0.009 0.22±0.008 0.182±0.009 0.140±0.011 0.39±0.009 
ABA 0.118 ±0.002 0.15±0.003 0.093 ±0.005 0.142±0.021 0.15±0.012 
CaC)z 0.086 ± 0.004 0.16±0.002 0.107 ± 0.004 0.149±0.015 0.39±0.015 

Lv Control 0.186±0.020 0.15±0.014 0.039 ± 0.014 0.153 ± 0.0 II 0.47±0.015 
50 0.036±0.007 0.04±0.008 0.018±0.003 0.004±0.009 0.03±0.009 
SA 0.171 ±0.003 0.34±0.006 0.135 ±0.005 0.127±0.214 0.42±0.016 
ABA 0.1 ±0.001 0.13±0.009 0.05±0.001 0.125±0.312 0.47±0.018 
CaC)z 0.082±0.002 0.16±0.007 0.061 ±0.009 0.142±0.218 0.46±0.019 

Notes: Results are expressed as mean of three replicates (10 plants each).± =SE. Different letters indicate significant differences with respect 
to control (20°C) (p <0.01). *Treatments were followed by exposure at 50°C. Enzyme activities expressed as: CAT= J.lmol H20 2 mg 
protein- 1min -•; APOX =mmol ascorbate mg protein -•min -•; POX =mmol 0-dianisidine mg protein -•min- 1; SOD= EU mg protein -•; 
GR =J.lmols NADPH oxidized mg protein -•min -•. 

Discussion 

The responses of the six varieties of lentil, normally 
a cool season crop, to high temperatures were 
determined in the study under report. It was observed 
that exposure to a temperature of 50°C for 4 h led to 
significant changes in physiological and biochemical 
processes. The six tested varieties showed varying 
degrees of tolerance to high temperatures and could 
be categorized into tolerant and susceptible varieties. 
Two of the varieties, namely Sehore and Lv, had low 
tolerance index values at 50°C, while the other four -
Asha, Subrata, IPL 406 and IPL 81 - had higher 
tolerance indices. In a study by Porch (2006) a stress 
tolerance index and stress susceptibility index 
were used to evaluate the genotypic performance of 
14 genotypes of common bean under variable 
temperature conditions. In the present study, the 
results of tolerance index were also confirmed by a 
membrane stability test. It was observed that relative 
injury to membranes increased with increasing 

temperatures in all the varieties; nevertheless, it was 
significantly higher in two of the varieties which had 
low tolerance indices. Several previous authors have 
also confirmed the importance of using thermostability 
of cell membranes for screening heat-tolerant 
genotypes (Agarie et a/. 1995; Talwar et a/. 2002). 
Almeselmani eta/. (2006) also reported that there was a 
significant increase in the membrane injury index in all 
genotypes of wheat under high temperatures and 
late plantings. Besides ion leakage, peroxidation of 
membrane lipids also significantly contributed to 
membrane damage. Lipid peroxidation was evident 
in all varieties at higher temperatures, with maximum 
at 50°C. It was also observed that two varieties, namely 
Sehore and Lv, had significantly higher MDA 
accumulation than the other four. Free radical
induced peroxidation oflipid membranes is a reflection 
of stress-induced damage at the cellular level and 
increase in the level of MDA, produced during 
peroxidation of membrane lipids, is often used as an 
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Table 2. Effect of pre-treatments with chemicals on accumulation of malondialdehyde, hydrogen peroxide and antioxidants in 
six varieties of Lens culinaris . 

Varieties Treatments* MDA H202 Car Asc 

Control 0.12±0.08 2.13±0.06 010±1.21 2.73±0.03 

so 0.44±0.06 2.90±0.03 004+ 1.15 O.S3±0.01 
Ash a 

SA 0.10±0.03 1.64±0.04 035±2.13 4.47±0.03 

ABA 0.14±0.02 1.71 ±0.08 012±1.09 1.28±0.01 
CaC12 0.15±0.01 1.80±0.07 029 ±2.08 l.2S±0.03 

Subrata Control 0.12±0.0S 1.98±0.10 019±1.32 3.74±0.02 
so O.S2±0.01 3.10±0.11 006±1.14 0.82±0.03 

SA 0.11 ±0.01 1.01 ±0.09 042±2.18 3.S2±0.02 
ABA 0.13±0.01 0.83±0.0S 039±2.97 2.35±0.03 
CaCI2 0.15±0.03 0.93±0.04 026± 1.95 2.42±0.0S 

IPL 406 Control 0.10±0.05 1.94±0.15 015±1.44 4.S5±0.02 
so 0.48±0.04 3.S8±0.12 002± 1.77 0.60±0.09 
SA 0.10±0.02 1.03±0.09 020± 1.18 3.08±0.06 
ABA 0.11 ±0.02 1.37±0.09 019 ± 1.21 1.23±0.01 
CaC12 0.13±0.01 1.16±0.06 019±1.06 0.96±0.0S 

IPL 81 Control 0.10±0.02 2.08±0.0S 013±1.22 4.9S±0.02 
so O.S9±0.04 4.10±0.32 003± 1.16 O.S1 ±0.02 
SA 0.09±0.03 1.95±0.12 019± 1.78 3.07±0.0S 
ABA 0.08±0.02 1.58±0.07 017±1.08 0.92±0.08 
CaCh 0.14±0.01 1.83±0.04 021 ± !.S6 1.04±0.06 

Sehore Control 0.11±0.02 1.73±0.06 021 ± l.lO 3.43±0.04 
so 0.72±0.07 3.25±0.30 009± 1.16 0.16±0.01 
SA 0.11±0.01 1.08±0.05 019±1.09 l.IS±0.08 
ABA 0.08±0.01 1.16±0.04 018 ± 1.23 1.35±0.04 
CaCl2 0.09±0.01 1.21 ±0.09 019±1.98 1.80±0.01 

Lv Control 0.11 ±O.OS 1.55±0.09 013± 1.01 3.12±0.03 
50 0.83±0.05 3.08±0.08 003±1.08 0.28±0.07 
SA 0.11 ±0.03 1.82±0.06 023 ±2.09 1.97±0.06 
ABA 0.10±0.01 2.10±0.21 022±2.18 1.75±0.04 
CaCl2 0.10±0.01 2.00±0.14 024±2.11 1.62±0.03 

Notes: Results are expressed as mean of three replicates (10 plants each).± = SE. Different letters indicate significant differences with respect 
to control (20°C} (p <O.Ol).*Treatments were followed by exposure at so•c. MDA =J.I mols g fresh wt.tissue- 1

; H202 =J.I mols g fresh 
wt.tissue- 1

; Car =J.Ig g fresh wt.tissue- 1
; Asc =mg g fresh wt.tissue- 1

. 

indicator of oxidative damage (Jain eta/. 2001). In a 
previous study, Babu and Devraj (2008) reported an 
increase in accumulation of MDA in French bean 
during temperature stress. 

It is well known that diverse environmental stresses 
differentially affect plant processes that lead to loss of 
cellular homeostasis accompanied by the formation of 
reactive oxygen species (ROS) which cause damage to 
membranes, lipids, proteins and nucleic acids (Srivalli 
et a/. 2003). Under normal growing conditions, the 
oxidative damage to cellular components is balanced 
by the efficient processing of ROS through a well 
coordinated and rapidly responsive antioxidant 
system. Under stress conditions, this balance tilts in 
favor of production of more ROS leading to damage. 
A plant's ability to withstand such stresses would 
depend on its ability to detoxify the ROS by enhanced 
activities of antioxidative enzymes. The results of 
the present study revealed that two of the enzymes -
APOX and SOD - showed an increase in activities 
until40--45°C in four varieties and at 30°C in the other 

two. The most significant increase was obtained in the 
case of SOD and APOX. It is clear that an increase in 
temperature leads to an increased expression of these 
antioxidative enzymes until a particular temperature 
after which they decline. The temperature until 
which increased activities are maintained varies in 
the tolerant and susceptible varieties. In the tolerant 
varieties, they could maintain increased activities at 
higher temperatures in comparison to the susceptible 
ones. The results of the present study confirm a 
previous report by Almeselmani et a/. (2006) who 
reported a significant increase in the activity of SOD in 
all tested genotypes of wheat, although it was greater 
in tolerant genoytpes. 

Several previous authors have also reported 
involvement of SOD in temperature stress tolerance 
(Upadhyaya et a/. 1990; Jagtap and Bhargava 1995; 
Davidson eta/. 1996). Gupta and Gupta (2005) also 
reported that SOD activity in two wheat genotypes 
increased with increase in temperature although the 
magnitude was comparatively lower in the susceptible 
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genotype. In the present investigation it was 
also observed that POX and GR declined at high 
temperatures in all varieties although in Sehore and Lv 
there was an initial increase in POX activity before 
declining. Similar results have also been reported by 
Jiang and Huang (200 l ). CAT activities increased to 
some extent but declined either after 35°C or 30°C. 
Activities of CAT were correlated to accumulation of 
H20 2. In the case of H202 accumulation, it was found 
that in four of the varieties, namely IPL 406, IPL 81, 
Asha and Subrata, there was an initial decrease in 
accumulation, which was followed by an increase from 
40°C onwards. In the other two varieties - Sehore and 
Lv- it increased at all higher temperatures. Thus, it is 
quite clear that in tolerant varieties, initially CAT 
activities increase along with a concomitant decrease in 
accumulation of H20 2, indicating the initial ability to 
scavenge H20 2. Previous studies have also reported a 
decrease in CAT activities along with an increase in 
H 202 (Blokhina et a/. 2003; Babu and Devraj 2008). 
Though accumulation of H20 2 could be correlated to 
decreased CAT activity, in the present study increased 
accumulation of ascorbate was also observed initially, 
along with an increase in APOX activity. Besides 
ascorbate, carotenoids also showed increased 
accumulation in temperature stressed plants until 40-
45oc followed by a decline. Total antioxidant activity, 
measured by free radical scavenging, was increased in 
temperature-stressed plants, with the maximum being 
at 40°C in four varieties and at 30-35°C in the other 
two. In all varieties, the total antioxidant activities 
declined significantly at 50°C. Kang and Saltveit(2002) 
reported that heat-shocked rice seedlings had greater 
DPPH scavenging activity than control. In the present 
study, it was noted that the DPPH scavenging activities 
at 40oc were almost double in comparison to control in 
the four varieties Asha, Subrata, IPL 406 and IPL 81 . 

Since all tested metabolic activities were signifi
cantly lowered in the six varieties following an 
exposure to sooc for 4 h, it was decided to determine 
whether pre-treatments by chemicals could afford 
protection. While it was observed that the inherent 
anti-oxidant activities of the cell which were enhanced 
following temperature stress up to 40-45°C could 
provide protection to a certain degree, no protection 
could be accorded at temperatures beyond that even in 
tolerant varieties. However, treatments with SA, ABA 
or CaCI2 protected plants against damage at 50°C 
This was observed in the case of antioxidative 
enzymes, accumulation of antioxidants as well as lesser 
membrane damage. The ability of such chemicals to 
afford transient protection against temperature stress 
has ~en reported previously (Jiang and Huang 2004; 
Larkmdale and Huang 2004; Chakraborty and Tong
den 2005). 

The results of the present study clearly reveal that 
of the six tested varieties, four (IPL 406, IPL 81, Asha 
and Subrata) were fairly tolerant to high temperature 
stress, while two (Lv and Sehore) were susceptible. 

This was evident in their tolerance indices, membrane 
stability tests, membrane damage and accumulation 
of lesser antioxidants. Among the antioxidative 
enzymes, SOD and APOX play important roles in 
tolerance while GR and POX were not involved. 
Catalase was involved in detoxifying H20 2 in the 
tolerant varieties. Besides antioxidative enzymes, 
other antioxidants like ascorbate and carotenoids 
were also involved in tolerance. Protection against 
high temperature-induced damage was provided by 
pre-treatment with chemicals. 

The results of the present study clearly indicate 
significant differences in how the varieties respond to 
oxidative stress and the tolerance mechanisms. The 
most significant activities related to tolerance could 
be utilized as biochemical markers. Furthermore, 
amelioration of high temperature-induced oxidative 
stress by pre-treatment with chemicals opens up the 
possibility of improving the ability of plants to grow 
at higher temperatures. 
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