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Heat acclimation and ehemical pre-treatments induced
thermotolerance in chickpe:
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Temperamre stress is often one of the most important
abiobc stresses which the plant is exposed to, Flants can
be damaged in different ways by either high day or high
might temperature or by sither high air or high seil
t=mperarures. In namwre, however, plants  often
experience mild siesses before they face severs
tmiensity of stresses and plants may be exposed o
maltiple environmental stresses either sequentially or
simmlmneously (Srivalli er i, 2003). Exposure (o sub-
[ethal abintc soresses renders plants moare talerant W @
subsequent normally lethal dose of Lhe same Siress, a
phenomenon referred W0 a5 acclimation.  Acquired
thermotolerance can be induced in plants by a short
acclimation period @ moderately high or sub-lethal
i=mperatures of by reatment with other miafi-lethal stress
prier w0 heat swess (Kapoor er al. 1390 Burke et
gl 2000 Massie ef al., 2003 and Lakindale of al,
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Cool sesson legumes like Cicer arietinun L. sulfers
from high temperaiure soess often coupled with the
drought swess when grown during summer months el
is conssdered unfit for cultivation in warmer seasons and
regioms, Heat stress in this legume causes significant
reduction in grewth of scedlings, cell membrane
stability, photosynthetic rate, photochemical efficiency
and gross yield, Therefore, improvement [or the high
temperawre tolerance in chickpea is vital 1o stobilize the
yield in warmes regions. The present sludy wos ihesignesd
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with the ohjective o induce thermotolerance in chikpea
seadlings by treatment with salicylic acid. abscisic acid
and heat acclimation and to deferminc their role in

thermoprotecton.
Materials and Methods

Plant materials; Seeds of three different genolypes of
chickpea (ICC 4918, 1CC 5310 and 1CC 5003} selected
for this study were obtained from the seed germplasm
bank of ICRISAT, Patanchere, Andhra Pradesh, India
These seeds wese surface sterilized with 0.1 % HgCl:
and grown in 10-nch size clay pots containing sieam
sterilized soils at the experimental plot. Depariment of
Botany, University of Nonh Beogal. The seedlings
required for the present study were then raised from this
seed swock

Determination of lethal Temperature

For the determinaton of |ethal f(emperatore,  the
seedlings  were exposed (o different  emperaiures
ranging from 35-46°C. The tremiment of seedlings al
elevated temperatures (15, 40, 42, 44 ond 46°C) for 2 hrs
pach revealed that all three penotypes could mot ioderte
a high temperature of 46°C in which only [0-13%
recovery was recorded compared w 10D recovery in
3155 and 50904 recovery n HPC  wreatmenis
Seedlings reated 1o 46°C for 2 his showed no recovery
during Lhe recovery period of 96 hrs when retwmed 10
normal growing conditions. Hence this temperature of
J6°C was considered o8 the lethal temperare for the
seedling prowth in all firtore eXpeninents.
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Heat acelimatinn treatment

For hegt-echowiton (HAY reatinents of scedlings, the
soadlings were pre=exposed (o eleviated butl sub-lethal
remperanires of 335, 40, 42 and 44T For 2 hours durition
prior G0 Tethal  tempersere  reaimenl.  Best heal
acchmanon was achicved wilh the exposure of seedlings
o 22°C for 2 lws, Henee this treatment of 42°C for 2
hors was considered 0% heat acelimaton weatment in
all sxpenmenta

Foliar spray trestment: Twenty day old seedlings wers
spraved roace a day with 100 pM/L of §A and 50 ph/L
of abecisic acid (ABA) solution. The same volume (50
ml) of distlled water was sprayed on control seedlings.
The spray treatment was carried out for thres (3)
consecutive days and finally jusl prior 1o exposure (o
heat smess. The 5A and ABA pre- reated seedlings were
then subjecied o heat stress (46°C for 2 hours) and
sargpled for experimental purposes.

Biochemical assays

Prateins: Soluble protein was extracted i 0.05 M
sodm phosphate boffer (pH 7.2) and protein content
was  estimated  Following  the method of Lowry
11951 1.5D5% PAGE analysis of toal acluble protein was
performed on 10% gel

Proline: This was extracted from the plant tissue in 3%
sulfosalicylic acid and estimated following the method

of Bates er ol (1973,

Membrane stabilitg: The Cell Membrane  Stability
PCMS ) was testee in lerms of relalive injury (RT) of the
membrane (ollowing the method of Marincou ef ol
f1EF T,

Lapid percatdation: Malondialdehyde {MDA) content
was determined ond was used as un index of lpid
perozmdation @ deseribed by Dhindsa er al(19813 The
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eoncentralion of MDA wos calculated by means of an
calinclion eoelicicnl of 153 md em”!

Enzymexs - For the extraction of enzymes the plani
tssues were macerited in 005 M NagHPOW NaHzPO,
bulfer (PH 6.9) and the exiroct was used for the assay of
Peraxidase (POX, BC.1.11.1.7), Ascorbale Peroxidase
[(APOX, EC 1ALLA1Y and  Caralase (CAT, EC
LA11.6), POX , APOX and CAT activites wers
assayed spectrophotometrically following the methods
of Chakeaborty er al {1993}, Asada ¢f 2L (1984) and
Chance and Machly (1955) respectively.

Besulis and Discussion

Enhameced tolerance of chickpea seedlings o lethal
temperature was oblained both with 5A and ABA felar
spray meaiment and by prior heat acclimation. However,
higher concentrations. of 5A end ABA spray did not
improve survival of heat shock and instead led to
scorching of leaves. Report by Larkindale and Knight
(2002), Dat er ol(19980, 1998k} alsg implicates the
possible role of SA and ABA in induction of
thermodolerance in Argbidopsis plants and  mustard
seedlings respechively.

The increased heat profection bed o significant increase
in prowein and proline contents in 3A and ABA treated
and heat acclimatized seedlings over its comesponding
unereated controls (Table 1), One ol the most imporoan
responses of plants o environmental stresses is in their
protein metzbolism. They respond to environmental
stresses cither by dis-assembly of pre-formed polysomes
resulling in decrease in transbation ol mBMALG presem an
the time of induction and their preferential synthesis of
stress profeing from newly manscribed stress mRNAs.
Since chickpes is cultivated mosUy for I8 proweins it was
expected thal lemperature stress would affect different
penatypes to some degree. Protin contents of seedlings
increased  following  moderate heot  reatments bl
showed o rapid decling ar letal remperuture in all
penolypes, Prowein degradation following profonged hea
frepiment was maximam on sasceptible genotypes hike
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Fig. 1: Changes in activities of antioxidarive eszymes
in response o lethal temperatare reaiment in chickpea
scodlings

ICC 5319 while it was Jeast in the tolerans penorype 100
4918,

The most remarkable increase was recorded in the
genotype 10T 4918, (Table |} SDE-PAGE analysis of
profeins reveabed increase in synthesis and expression of
sodte aew proteins in 5A and ABA pre- trested plants.
Increase in prolgin comlens and accumulation of proline
in FEsponse 10 various stresses is b well documerted
phenomenon (Chandra er of. 2001) ond (his has been
further conlirmed by the resubts of the present Nindings

The cell membranc slability on the other hand decreased
with the incrensing heal stress and was found (o be

markedly  Improved  in pre-trested  sceadlings. The
dinmitge of cell mesbeane was manefesied by a dromatic
ingrepse in makondialdehyde (MDA} contenl. However,
consilernbly much  lesser MDA accumulation  was
alerved in SA and ABA irealed seedlings (Tahle 1

Activitees of amtioxidotive enzymes like peroxidase.
pscarbale peroaidase, ond colalase were analyeed both
during  lemperature siress and  induction  of
thermoioleranee by various ircatments. |1 was ohserved
that APOX activities of seedlings decreased on exposure
to high lethal temperadore but mald  lempersire
greatmenl  prior 1o lethal  lemperature reswled o
increased activity (Fig. 1), More sgmificonl increases
were obiained by 54 and ABA pre-ircatments. APOX
pene expression and activily has been reporied 1o be
rapidly indoced by variows stress conditions including
chilir:ng (Frassd =1 of 10404], -dmu,ght (Miitler and
Filinskas, [994) and sal siress (Lopez e al. 1996)
Larkincale and Huang (2004) reparted thet in bentgrass
APOX actwwity increased over the firs 2 days and 5 duys
of hesting lor ACC and CaCly cespectively but only 12
hes for HyDy pre-treatment. A and ABA afer pre-
reatmenis had ne effect on APOX activity earlier bul
mainfnined activity a1 a significandy higher thon in
controls after 24 hrs of h=ating. Haeng amd Zhang (20015
also obdained increased activities of APOX in leaves of
maize seedlings following ABA treatment Panchuk er
ol (2002} reporied Ghal heal stress Inggers Lhe
capression of APXD pene at the mRMA level and thiz
comelated with the appearance of a pew APOX maryme
in Arabidapri

A prongunced  increase in peroidaze achively  Was
observed in all genolypes (pliowing beat stress, which
was mese significant in pre-trested seedlings (Fig. 1)
G:I‘H]I:w{! Iolerant o lemperature shress W lowind 1o
hive hagher conslitutive activity than the susceptible
one. Exposure 1o high lemperature increased octivities in
the ioleram gemodype  whils il decreased in ibe
susceptible one. Maximum activity was ablained n 54
pre=treatmenis, Ina sludy with wheat Eenatypes CFupta
and Cupla {2005} reporied that exposure & high
temperaiure nercased POX scuvity, which was higher
in the wleram genolyps C-306. Peroxidases are aflen the
first emzyines oo aller thedr actvides umnder sress
Enhanced aciwities have boen observed inonee secdlings
under amoxia (Lee and Lin, 1995} and low iemperature
atpesd (Oidairn er al, 2000). Chakrobory er al. (Z002)
also obtained imcreased POX activity Pollowing waler
stress (no1ea planes. Thus, POX would seem o be
generally involved with the planis” response 1o varous
types of envirenmental siresses.

Caralases are 1esramesic heme comaining encymes that
catalyze the breakdown of HzyOy 10 HyQ and Oy, Catalage
is indispensable for ROS detoxificason during siress
(Will=kens, [995). This s alse dee (o the foct that there
is proliferavon of percsisomes during siress which
might help in scovenging of H:0y diffusing form the
cviose) (Lopez Huperez, 2000). However, reponis on
effects of stresses on CAT scnwities vary, Tiang and
Huzng (2001) showed thst CAT activities declined
wnder drought, heat and a combination of the v
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sircsses. Results of the present study also revealed thal
CAT activity decreased during high temperature stress
in all genotypes, On the other hand, CAT activily also
decreased during induction of thermotolerance by pre-
treatments, Dt ef af, (1998h) working with induction of
SA or heat scchimation (HA) in mustard seedlings
reported a parallel decrease of bath HpOy and CAT
during the imitial persed ol thermoprolcchion, The
dechine i H:0, comenl may be indicative of the
enhanced antioxidant potential in the Gssee. which could
comtribute 10 enhanced thermotolerance. CAT aclivity
reached o minimum dunng the thermopratestion period
bul the reason for this still remains unknown HxO,
production besng  an  ongoing  process in plants,
inhibition of CAT activity-one of the main routes of
H,0; degradation could result in Hy0; accumulation
which would them activate defense relaed genes by
acling as # second messenger (Keshamma er al., 2004).
The observed decrense in CAT sctivity during induction
of thermololerance in the present study (Fig. 1) may also
be due o the above mechanism of accumulation of HyOy
during initial stages. Larkindale and Huang (2004) also
obizined lower CAT activities in Agrosiis siolonifera
plants treawd with A, CaCly, HyO: and HA over the
control plants prior (o heating and wathin 48 hes of heat
HrCas,

In conclusicen, the prescnt study shows that 5A and ABA
pre- treatments induce thermoprotection in chickpea
seedlings. The thermoprotection obtained with (hase
trealments though similar o that obtuned by heat
acclimation is more efficient in reducing physiological
wilting and conferring longer period of protection. The
thesmotolerance induced by such pre-treatments may be
associnted al leust in parr, with the comrol and oo
prevention of oxidatve damage.
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