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Abstraet 
dund heat toleranee tmggered by heat ncelimation treatnicnt nnd foliur application of salicylic acid and 

abeise acid wene evalated in three different genotypes of chickpcu (Cicer arietinum L.) distinctly 

diflenng in their sensitivity to lheat stress. Seedlings pre-trcated with 100uM salicylic acid (SA) and 50 M 

abseise acid (ABA) showed inproved heat tolerance to a lethal temperature of 46°C than the untreated 

onl scedlings. Heat stress increascd lipld peroxidation of membrancs and reduccd plant survival. 

Moten and pnolne contents inereased significantly in pre-treated seedlings. Cell membrane stability also 

nroased remarkably in pre-trealcd seedlings of nll threc genotypes. Changes in activitics of antioxidative 

cnzymes like penoxidasc, ascorbale perdxidasc in pre-treulcd scedlings revealcd increasc in enzymatic 

activities which declined sharjply at lethul temperuturc. Quantum of incrcase in cnzymatic activity was 

however highcr in thermotolerant gcnolype in conparison to hcal susceptiblc gcnotype. Thermotolcrant 

genoye also exhibited constitutiyely higher antioxidative activities. Cutalase activity, in contrast, showed 

a signiticant decrease in its activity in prc-trcatcd sccdlings following cxposure to lethal tcmpcrature.Thesc 

results indicate that heat acclimation trent1nent and upplication of SA and ABA show great potential in 

inducing heat tolerance in chickpea sccdlings and thesc can be further analyzed to understand their role in 

thermopnvtection. 
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thermotolerance

with the objective to induce thermotolerance in chikpea 

seedlings by treatment with salicylic acid, abscisic acid 

and heat acclimation and to determine their role in 

Temperature stress is often one of the most important 
abionc stuesses which the plant is exposed to. Plants can 

be damaged in different ways by either high day or high 

night temperature or by either high air or high soil 

temperaures. In nature, however, plants often 

experience mild stresses before they face severe 

intensity of stresses and plants may be exposed to 

muliple environmental stresses either sequentially or 

simultaneously (Srivalli et al., 2003). Exposure to sub- 
lethal abiotic stresses renders plants more tolerant to a 

subsequent normally lethal dose of the same stress, a 

phenomenon refenred to as acclimation. Acquired 
thermotolerance can be induced in plants by a short 

acclimation period at moderately high or sub-lethal 

temperatures or by treatment with other non-lethal stress 

prior to heat stress (Kapoor et al.,1990; Burke et 

al 2000; Massie et al., 2003 and Larkindale et al., 

2005). 

thermoprotection. 
Materials and Methods 

Plant materials: Seeds of three different genotypes of 

chickpea (ICC 4918, ICC 5319 and ICC 5003) selected 

for this study were obtained from the seed germplasm 

bank of ICRISAT, Patancheru, Andhra Pradesh, India. 

These seeds were surface sterilized with 0.1 % HgCl 

and grown in 10-inch size clay pots containing steam 

sterilized soils at the experimental plot, Department of 

Botany, University of North Bengal. The seedlings 

required for the present study were then raised from this 

seed stock. 

Determination of lethal Temperature 

For the determination of lethal temperature, the 

seedlings were exposed to diferent temperatures 

ranging from 35-46°C. The treatment of seedlings at 

elevated temperatures (35, 40, 42, 44 and 46°C) for 2 hrs 

each revealed that all three genotypes could not tolerate 
a high temperature of 46°C in which only 10-15% 

recovery was recorded compared to 100% recovery in 

35°C and 80-90% recovery in 40°C reatments. 

Seedlings treated to 46°C for 2 hrs showed no recovery 

during the recovery period of 96 hrs when returncd to 

normal growing conditions. Hence this temperature of 

46°C was considered as the lethal temperature for the 

seedling growth in all future experiments. 

Cool season legumes like Cicer arietinum L. suffers 

from high temperature stress often coupled with the 

drought stress when grown during summer months and 

is considered unfit for cultivation in warmer seasons and 

regions. Heat stress in this legume causes significant 
reduction in growth of seedlings, cell membrane 

Stability, photosynthetic rate, photochemical efficiency 
and gross yield. Therefore, improvement for the high 

temperature tolerance in chickpea is vital to stabilize the 

yield in warmer regions. The present study was designed 
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Table 1 : Influcnce of temperature stress on biochemicnl componcnts of clickpea 

Varicties & P'rotcin eontent Poline content MDA content Rclative injury 
IMg' fresh wi. RI%) (11/ tissuc) 

1.05 &1.70 
(g/g tissuc) 

0430.02 
Treatments 

ICC 4918C 2.2310.07 29.83198 

SA 3.131.15 0.5610.03 2.10:0.09 30.63+1.54 

\BA 181058 (0.5140.02 2.210.07 34.922. 10 

1A 37.261.13 (0480.02 2.39+0.08 36.32+2.21 

31030.04 0.480.0.3 2.6010.07 40.5942.35 

28.231 14 0.2940.02 1.9940.06 52.97+1.5I 

SA 2 711.13 0.3910.02 2.0810.05 75.5942.08 

ARA 32020.(9 0.36:0.02 2.23+0.06 78.07+2.40 

1A 1I8&0.h) 0.3310.02 2.80L0.05 82.71t1.53 
I8.092049 0.31 20.0 3.99+0.15 84.02+2.51 

0.151.14 0.28:0.03 I.83:0.09 39.06+1.98 

A 37.141.15 0.39:0.01 I.96+0.06 43.95+2.18 

AB.A 38.6241.16 0.410.02 1.98+0.06 44.07+2.47 

NA 35.68t1.18 0.36:0.02 1.92+0.05 48.96+2.51 

24.0242.3 0.3120.02 2.61+0.06 52.06+2.20 
ailues ane mean of thee replicates. C: Control: 11A: heat acclimution (42 C-2 hrs.): L: Letha 

Lethal temperature treatnments were carried out by 
direly exposing the secdlings to letlal temperalures of 

4C tor 2 hrs duration without any pre-treatments. 

concentration of MDA was calculated by mcans of an 

cxtinction coefficient of 155 mM'cm'. 

Bnzymes: For lhe extraction of enzymes the plant 

tissues were macerated in 0.05 M NazHPO/ NaH2PO4 
buffer (PH 6.9) and the extract was used for the assay of 

Peroxidase (POX, EC.1.11.1.7), Ascorbate Peroxidase 

(APOX, EC 1.11.1.1) and Catalase (CAT, EC 

1.I1.1.6). POX , APOX and CAT activities were 

assayed spectrophotometrically following the methods 

of Chakraborty et al.(1993), Asada et al. (1994) and 

Chance and Machly (1955) respectively. 

Heat acclimation treatment 

For heat-acclimation (HA) treatnments of scedlings, the 
secilings were pre-exposed to elevated but sub-lethal 
temperanures of 35, 40, 42 and 44°C for 2 hours duration 

prnor to lethal temperature treatment. Best heat 
acclimation was achieved with the exposure of seedlings 
to 42°C for 2 hrs. Hence this ureatment of 42°C for 2 
hours was considered as heat acclimation treatment in 

all experiments. Results and Discussion 

Foliar spray treatment: Twenty day old seedlings were 
sprayed twice a day with 100 uM/L of SA and 50 uM/L 

of abscisic acid (ABA) solution. The same volume (50 
mL) of disulled water was sprayed on control seedlings. 
The spray reatment was carried out for three (3) 

consecutive days and finally just prior to exposure to 
heat stress. The SA and ABA pre- treated seedlings were 

then subjected to heat stress (46°C for 2 hours) and 

sampled for experimental purposes. 

Enhanced tolerance of chickpea seedlings to lethal 
temperature was obtained both with SA and ABA foliar 
spray treatment and by prior heat acclimation. However 

higher concentrations of SA and ABA spray did not 

improve survival of heat shock and instead led to 

scorching of leaves. Report by Larkindale and Knight 

(2002), Dat et al.(1998a, 1998b) also implicates the 

possible role of SA and ABA in induction of 
thermotolerance in Arabidopsis plants and mustard 

seedlings respectively. 
Biochemical assays 

The increased heat protection led to significant increase 
in protein and proline contents in SA and ABA reated 
and heat acclimatized seedlings over its corresponding 
untreated controls (Table 1). One of the most important 
responses of plants to environmental stresses is in their 
protein metabolism. They respond to environmental 
stresses either by dis-assembly of pre-formed polysomes 

resulting in decrease in translation of mRNAs present at 

the time of induction and their preferential synthesis of 
stress proteins from newly transcribed stress mRNAS. 
Since chickpea is cultivated mostly for its proteins it was 

expected that temperature stress would affect different 

genotypes to some degree. Protein contents of seedlings 
increased following moderate heat treatments but 

showed ä rapid decline at lethal temperature in all 

genotypes. Protein degradation following prolonged heat 

treatment was maximum in susceptible genotypes like 

Proteins: Soluble protein was extracted in 0.05 M 

sodium phosphate buffer (pH 7.2) and protein content 

was estimated following the method of Lowry 

(1951).SDS- PAGE analysis of total soluble protein was 

peformed on 10% gel. 

Proline: This was extracted from the plant tissue in 3% 

sulfosalicylic acid and estimated following the method 

of Bates et al.(1973). 

Membrane stability: The Cell Membrane Stability 

(CMS) was tested in terms of relative injury (RI) of the 

membrane sollowing the method of Martincau et al 

(1979). 

Lipid peroxidation: Malondialdehyde (MDA) content 

was detcrmined and was used as an index of lipid 

perozidation as described by Dhindsa et al.(198). The 
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Themarkedly improved in pre-trealcd sccdlings. 
damage of cell membrane was manifested by a dramatic 
increasc in malondialdehyde (MDA) content. Howcver 
considerably much lesser MDA accumulation was 

obscrved in SA and ABA treated scedlings (Table 1). 

APOX activity 

0.08 

Activitics of antioxidative enzymes like peroxidasc, 
ascorbale peroxidase, and catalase were analyzed both 

during temperature 
thermotolerance by various treatments. It was observed 
that APOX activities of seedlings decreased on exposure 
to high lethal temperature but mild temperature 
treatment prior to lethal temperature resulted in 

increased activity (Fig. 1). More significant increases 
were obtained by SA and ABA pre-treatments. APOX 
gene expression and activity has been reported to be 

rapidly induced by various stress conditions including 
chilling (Prasad e al., 1994), drought (Mittler and 
Zilinskas, 1994) and salt stress (Lopez et al., 1996). 
Larkindale and Huang (2004) reported that in bentgrass 
APOX activity increased over the first 2 days and 5 days 
of heating for ACC and CaCl2 respectively but only 12 
hrs for H202 pre-treatment. SA and ABA after pre 
treatments had no effect on APOX activity earlier but 
maintained activity at a significantly higher than in 

controls after 24 hrs of heating. Jiang and Zhang (2001) 
also obtained increased activities of APOX in leaves off 

o.06 
stress and induction of 

30.04 

a Control 
OHA d.02 
SA 

ABA 
DL 4918 5319 5003 

POX activity 

0.4 

0.3 

lad aControl 0.2 

HA 
0.1 

SA 
maize seedlings following ABA treatment. Panchuk et 
al. (2002) reported that heat stress triggers the 
expression of APX2 gene at the mRNA level and this 
coTelated with the appearance of a new APOX isozyme 

in Arabidopsis. 

O ABA 
1918 5319 5003 

Genotypes DL 

CAT activity 
A pronounced increase in peroxidase activity was 
observed in all genotypes following heat stress, which 

was more significant in pre-treated seedlings (Fig. 1). 
Genotype tolerant to temperature stress was found to 

have higher constitutive activity than the susceptible 
one. Exposure to high temperature increased activities in 
the tolerant genotype while it decreased in the 
susceptible one. Maximum activity was obtained in SA 
pre-treatments. In a study with wheat genotypes Gupta 
and Gupta (2005) reported that exposure to high 
temperature increased POX activity, which was higher 
in the tolerant genotype C-306. Peroxidases are often the 
first enzymes to alter their activities under stress. 
Enhanced activities have been observed in rice seedlings 
under anoxia (Lee and Lin, 1995) and low temperature 
stress (Oidaira et al., 2000). Chakraborty et al. (2002) 
also obtained increased POX acivity following water 
stress in tea plants. Thus, POX would seem to be 
generally involved with the plants response to various 
types of environmental stresses. 

30 

20 

10 a Control 

HA 

SA 
DABA 

4918 5319 5003 L 

Fig. 1: Changes in activities of antioxidati ve enzymes 
in response to lethal temperature treatment in chickpea 

seedlings 

ICC 5319 while it was least in the tolerant genotype ICC 

4918. 

The most remarkable increase was recorded in the 

genotype ICC 4918. (Table 1). SDS-PAGE analysis of 

proteins revealed increase in synthesis and expression of 

some new proteins in SA and ABA pre- reated plants. 
Increase in protcin content and accumulation of proline 

in response to various stresses is a well documented 

phenomenon (Chandra et al. 2001) and this has been 

further confirmed by the results of the present findings. 

Catalases are tetrameric heme containing enzymes that 
catalyze the breakdown of H,0, to H;O and O. Catalase 
is indispensable for ROS detoxification during stress 
(Willekens, 1995). This is also due to the fact that there 
is proliferaion of peroxisomes during stress which 
might help in scavenging of H20 diffusing form the 

cytosol (Lopez Hupertez, 2000). However, reports on 

effects of stresses on CAT activities vary. Jiang and 

Huang (2001) showed that CAT activities declined 
under drought, heat and a combination of the two 

The cell membrane stability on the other hand decreased 
with the increasing heal stress and was found to be 
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peroxidases. Methods Enzymol. 2:764-775. 
stresses. Results of the present study also revcaled that 

CAT activity decreased during high temperature stress 

in all genotypes. On the other hand, CAT activity also 

decreased during induction of thermotolcrance by pre- 

trcatments. Dat et al. (1998b) working with induction of 

SA or heat acclimation (HA) in mustard seedlings 

reportcd a parallel decrease of both H,02 and CAT 

during the initial period of thermoprotection. The 

decline in H,0; content may be indicative of the 

enhanced antioxidant potential in the tissue, which could 

contribute to enhanced thermotolerance. CAT acivity 

reached a minimum during the thermoprotection period 
but the reason for this still remains unknown. H202 

production being an ongoing process in plants, 

inhibition of CAT activity-one of the main routes of 

H202 degradation could result in H202 accumulation 

which would then activate defense related genes by 
acting as a second messenger (Keshamma et al., 2004). 
The observed decrease in CAT activity during induction 

of thermotolerance in the present study (Fig. 1) may also 

be due to the above mechanism of accumulation of H,0, 

during initial stages. Larkindale and Huang (2004) also 

obtained lower CAT activities in Agrostis stolonifera 

plants treatd with SA, CaCl2, H,02 and HA over the 
control plants prior to heating and within 48 hrs of heat 

Chandra A., Anand A. Mandal PK. Saxena. P. 2001. Influence 

of Salicylic Acid on protein content and catalase activity in 

relation to systcmic acquired resistance in cowpea against 

root rot. ndian Phytopath. 54: 284-287. 

Dat JF. Foyer CH, Scott. IM. 1998 a.Changes in salicylic acid 

and antioxidants during induced hermotolerance in 

mustard seedlings. Plant Physiol. 118:1455-1461. 

Dat JF, Lopez- Delgado H. Foyer CH. Scott, IM.1998 b. 

Parallel changes in HO and catalase during 

thermotolerance induced by salicylic acid or heat 
acclimation in mustard seedlings. Plani Physiol I16: 1351- 

1357. 

Dhindsa RS, Plumb-Dhindsa P, Thorpe, TA.1981. Leaf 
senescence: correlated with increased leaves of membrane 

permeability and lipid peroxidation, and decreased levels 

of superoxide dismutase and catalase. J. Exp. Bot. 32: 93- 

101. 

Gupta S. Gupta, NK. 2005. High temperature induced 

antioxidaive defense mechanism in seedlings of 

contrasting wheat genotypes. Indian J. Plani Physiol. 10 

(1):73-75 

Jiang Y, Huang. B. 2001. Drought and Heat Stress Injury to 

Two Cool- Season Turfgrasses in Relation to Antioxidant 

Metabolism and Lipid Peroxidation. Crop Sci.41: 436-442. 

Jiang M. Zhang. J. 2001. Effect of abscisic acid on active 

oxygen species, antioxidative defence system and 
Oxidative damage in leaves of maize seedlings. Plant Cell 

Physiol. 42(11):1265-1273. 

stress. 

In conclusion, the present study shows that SA and ABA 

pre- Lreatments induce thermoprotection in chickpea 

seedlings. The thermoprotection obtained with these 
treatments though similar to that oblained by heat 

acclimation is more efficient in reducing physiological 
wiling and conferring longer period of protcction. The 
thermotolerance induced by such pre-ureatments may be 
associatcd at least in part, with the control and I or 

prevention of oxidative damage. 

Kapoor M, Sreenivasan GM, Goel N, Lewis, J.1990. 

Devclopment of thermoolerance in Neurospora crassa by 
heat shock and other stresses eliciting peroxidase 
induction J.Bacteriol. 172:2798-2801. 

Keshamma E, Jayalakshmi SK, Sreeramulu, K. 2004. Efect of 
salicylic acid, spermine and cinnamic acid on some 
defense cnzymes of chickpea (Cicer arietinum L.) CV JG 
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