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Stage specific upregulation of antioxidant defence system in leaves for regulating
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Abstract: Leaf is one of the early sensors for the drought stress and is important to study drought tolerance
mechanism. Activities of antioxidative enzymes and status of malondialdehyde (MDA), hydrogen peroxide (H.O,),
proline and total phenols were studied in leaves of drought tolerant (PDG 3 and PDG 4) and susceptible (PBG 1,
GPF 2, PBG 5, L 550 and BG1053) chickpea cultivars under irrigated and rainfed conditions at different development
stages. In general, with the age of plant, the activities of superoxide dismutase (SOD) and catalase (CAT) increased
but the activities of glutathione reductase (GR), ascorbate peroxidase (APX) and peroxidase (POX) decreased in
leaves. With some exceptions, in general, higher status of APX and POX in leaves at vegetative stage | (30 days
after sowing) and Il (60 days after sowing); GR at vegetative stage Il and pre-flowering stage and SOD and CAT at
seed filling stages in tolerant cultivars under drought stress reflected stage specific upregulation of antioxidant
defence system in them. The relatively lower activities of APX and POX in old leaves during seed filling stage make
them more prone to enhanced oxidative injury than the young leaves. Lower content of hydrogen peroxide and
malondialdehyde in leaves of tolerant cultivars during seed filling reflects the impact of antioxidant defence system
operative at that time. The higher accumulation of proline and total phenol in leaves of tolerant cultivars might be
playing important role in drought stress tolerance. These results indicated the importance of upregulation of different
antioxidant enzymes at variable stages of leaf development.
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INTRODUCTION to cell death. However, in spite of their damaging
D ht st db il and at heri tef“fects, under steady state conditions, ROS play a
rought stress caused by Soll and atmospheric wa elrnajor physiological role in intracellular signatjrand

deficiency is one of the most significant e”"‘fom. regulation, as secondary messengers (Gill and dutej
factors affecting plant growth and productivity 2010)

worldwide (Salekjalaliet al., 2012; Mirzaeeet al.,
2013). It disrupts major components of the photti®sis
process. Drought stress decreases intracellulas C

To protect themselves against these toxic ROStglan
have evolved efficient systems which include
oROS-scavenging antioxidative enzymes including

concentration due to stomatal closure, and thisesu superoxide dismutase (SOD), catalase (CAT), peasgid
suppression of the carboxylation reaction catalyzed (POX), ascorbate peroxidase (APX), glutathione

.RUbiSCO' thus increa_sing photorespiration. A desmea poqctase (GR), and non-enzymatic antioxidants
in_the p?otos;;ng]lfegc fz(a’z;zgpolj ggolredutﬁescthle. including ascorbic acid, glutathione, carotenoiaisd
consumption o an i during the Lalvin tocopherols (Ashraf, 2009; Singd al., 2012; Verma
cycle and this causes over-reduction in the phatbstic et al., 2014). Among these, SOD converts @0 HO,

eIectrctm tﬁ:;%ortwchhainfduedto. in_sufficient edlentrd which is further scavenged by POX in extracellular
acceptor - VVIen ferredoxin IS over reduce space and cytosol; and mainly by CAT in peroxisames
during photosynthetic electron transfer, electrtret H,0, is also decomposed by APX, one of the

Pave "T h|g|h—energy sta}te are tr?r:]sferred fro_:jn e P Asada-Halliwell enzymes, in different cell compagtits.
0 molecular oxygen lorming the€ Superoxide anion o,.q reacting directly or indirectly with ROS,

radical Q" via the Mehler reaction (Hsu and Kao . . - -
i : . ' _enzymatic and non enzymatic antioxidants contribute
2003; Labudda and Azam, 2014), which triggers Chalnin maintaining the integrity of cell structures athck

reactions that generate more harmful oxygen raslical proper functions of various metabolic pathways

like OH. As_a re;uoltsof drouggt stresst, thelsle ttrea(; (Chaparzadelet al., 2004). The degree to which the
oxygen species ( ) cause damage to cell strsg Ur€activities of antioxidant enzymes and the amount of

proteins, lipids, carbohydrates, and nucleic adgling antioxidants are elevated under drought stress slaow
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remarkable variation among plant species (Zhang andvere given after sowing i.e. on 2December, 28
Kirkham, 1996; Turkamt al.,2005) and even between January and "SMarch and plants grown in irrigated
two cultivars of the same species (Bar#dlial., 1999; area received 369.4 mm water. However, under réinfe
Perez-Lopezet al., 2009). In recent years, many conditions all the three irrigations were withhé&ldm
researchers have established that the inducticdheof sowing to maturity and the plants received watdy on
cellular antioxidant machinery is important forei@nce  available through rainfall. The average rainfallidg

to drought stress (Milleet al., 2010; Chughet al., the crop season was 44.4 mm and rainfed cropgah to
2011; Singtet al.,2012). received 144.4 mm water (Table 1). It is clearexnfr
Drought stress is a major concern affecting thicalgure the rainfall data that during the crop season &dlinf
production. Generally pulses are very susceptible t was scanty resulted in development of drought stres
drought stress. Chickpea is the second largesfhe plants were uprooted by deep burrowing from the
cultivated grain legume in the world, grown in abou field at the interval of 30 days and were collectad
11.5 million hectares (Varshney al., 2013) and first 30, 60, 90 and 120 days after sowing (DAS) and
in the Mediterranean basin and South Asia thatbrought buried under ice to the laboratory. These
frequently experiences water stress during pocisdt stages have been named as vegetative stage | (VS I)
seed filling stage (terminal drought) in India atme vegetative stage Il (VS Il), pre-flowering stageF(P
Mediterranean basin, leading to a substantial yiedd  and seed filling stage (SF).

(Turner et al., 2001). As there is reduction in the Extraction and assay of antioxidative enzymes. All
translocation of carbohydrates during drought stres extractions were conducted in three replicates’@t 4
this leads to a change in source-sink relation@Pgiel  SOD, POX and GR were extracted by homogenizing
and Hemantaranjan, 2012). Over past several yearshe leaf samples {tto 3¢ apical leaf) in 0.1 M phosphate
there has been a great interest in research igedst buffer (pH7.5) containing 1% polyvinylpyrrolidone
the antioxidant defence system in plant leavedeas (PVP), 1 mM EDTA and 10 mMs-mercaptoethanol.

is the principle plant part which acts as one efegarly =~ CAT and APX were extracted with 0.05 M phosphate
sensor for the drought stress. It has been denadedtr buffer (pH 7.5) containing 1% PVP (Kaet al.,2009).

that the antioxidative response is correlated lith  Both the homogenates were centrifuged at 10,0@0 g f
tolerance of individual crop cultivars to drought 20 min and the supernatant was used for assaying
(Kolarovicet al.,2009). above mentioned enzymes. All enzymes were assayed
Most of the studies reported in the literature aith at 30C. Components of enzyme assay system, except
focussed on seedlings or if in the field then o® on the enzyme were preincubated at’@G0for 20 min
particular stage (Patel and Hemantaranjan, 2018r Ka before starting the reaction.

et al., 2012; Deviet al, 2012; Battana and Ghanta, Activity of APX was assayed by taking 1 ml of 50 mM
2014). The present study was conducted to study theodium phosphate buffer (pH 7.0), 0.8 ml of 0.5 mM
antioxidant defence response at different develogshe ascorbic acid, 0.2 ml of enzyme extract and 1 ml of
stages i.e. vegetative stages, pre-flowering amd se H,O, solution in total volume of 3 ml (Nakano and
filling stages of the crop to see if there is aiffetential Asada, 1987). Absorbance was recorded at 290 nm at
development specific response of tolerant genotygpes an interval of 30 sec upto 3 min. Extinction coaéfint
drought. Furthermore, the level of some compoundsof monodehydroascorbic acid was 2.8 iivhi’. APX
(proline, phenolics, malondialdehyde and hydrogenactivity was expressed as pmoles of mono
peroxide) were considered in an effort to identlg dehydroascorbic acid formed rfimg™ protein FW.
mechanism (s) by which drought stress decreases pla Activity of CAT was determined by taking 1.8 ml of

growth. 50 mM sodium phosphate buffer (pH 7.5) to which 0.2
ml of enzyme extract was added. The reaction was
MATERIALSAND METHODS initiated by adding 1 ml O, and utilization of HO,

Plant material and experimental conditions: was recorded at an interval of 30 sec for 3 min by
Tolerantdesi (PDG 3 and PDG 4), susceptibfesi measuring the decrease in absorbance at 240 nm
(PBG 1, GPF 2 and PBG 5) and susceptitdéuli (Chance and Machly, 1955). Extinction coefficieot f

(L 550 and BG 1053) chickpea cultivars were raised H20; was 0.0394 mMcm*. CAT activity was

the field of Punjab Agricultural University (34'N, expressed as pmoles of® decomposed mihmg*
7548E, elevation 247 m above sea level), Ludhiana,protein FW.

following recommended agronomic practices. TheAssay system of SOD contained 1.4 ml of 100 mM
crop was sown in the last week of November, 2008-Tris HCI buffer (pH 8.2), 0.5 ml of 6 mM EDTA, 1 ml
2009 in sandy loam fields with pH of about 7.8 t6 8 of 6 mM pyrogallol solution and 0.1 ml of enzyme
in randomized block design with three replicates oféextract (Marklund and Marklund, 1974). Change in
each cultivar under rainfed and irrigated condiion absorbance was recorded at 420 nm after an intefval
Each plot had five rows of each cultivar with row 30 sec upto 3 min. A unit of enzyme activity was
length of 4 m and row spacing of 30 cm and thereewe expressed as the amount of enzyme causing 50%
20-30 plants in each row. In irrigated area, jations  inhibition of auto-oxidation of pyrogallol observea
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blank.

Assay of GR contained 0.2 ml of 200 mM potassium
phosphate buffer (pH 7.5), 0.1 ml MgGIL.5 mM),
0.1 ml EDTA (0.2 mM), 0.2 ml NADPH (0.025 mM),
0.2 ml enzyme extract, followed by 0.2 ml of oxieliz

328

In PBG 1 andkabuli (L 550 and BG 1053) cultivars,

activity increased at

vegetative stage |l

and

pre-flowering stage and thereaftémbuli cultivars
showed significant decline in activity at seedirij

stage (Fig. 1).

glutathione (0.25 mM) in a quartz cuvette (Estedvau PBG 5, GPF 2 and BG 1053 susceptible cultivars were
and Grill, 1978). Decrease in absorbance at 340 nnseverely affected due to drought stress and deline
after an interval of 30 sec upto 3 min was recorded mean SOD activity as well as specific activity was
The molar extinction coefficient for NADPH was 6.22 observed. When compared with irrigated conditions,
mM™cm'. GR activity was expressed asnoles of 1.5 fold increases in average SOD specific activias
NADP"* formed mirt mg™ protein FW. found in PBG 1, and comparable activity was obsgrve
Assay system of POX contained 3 ml of 0.05 M in L 550 under rainfed environment. In case of gitu
guaiacol in 100 mM phosphate buffer (pH 6.5), 0l1 m stress,  tolerant genotypes showed much higher
of enzyme extract and 0.1 ml of 0.8 M;®3 (Shannon increase in SOD specific activity over the activegen

et al., 1966). The reaction mixture without® was  in leaves of irrigated control plants at all growtages
taken as a blank. The reaction was initiated byiredd and throughout the plant development period.

H,O, and rate of change in absorbance was recorded &@atalase (CAT): An increase in catalase activity and
470 nm for 3 min at an interval of 30 sec. POX\afsti  specific activity was observed in the leaf tissuighw
was expressed as change in absorbance' mig" the age of plant. In PBG 1 and tolerant (PDG 3 and
protein FW. Protein content of all enzyme extracts PDG 4) cultivars, significant increase in CAT aittiv
determined by the method of Lowey al. (1951). under rainfed conditions at all the stages as coatpba
Extraction and estimation of H,O, and to irrigated conditions was observed (Fig. 2). Hoare
Malondialdehyde: H,O, was extracted from 500 mg in PBG 5 significant increase in CAT activity was
of leaf tissue with 3 ml of ice cold 10 mM potassiu observed only upto vegetative stage Il and then
phosphate buffer (pH 7.5) and was estimated acegrdi comparable or lower activity was recorded. Tolerant
to the procedure of Noreen and Ashraf (2009).cultivars PDG 3 and PDG 4, as compared to their

Malondialdehyde was extracted from 1.0 g of leaf activity at pre-flowering stage, had significaniigher
activity of about 3 fold and 1.7 fold, respectively
the homogenate was centrifuged at 12,000 g forih5 m under rainfed condition at seed filling stage. ®e t
at room temperature. The supernatant was used foother hand,kabuli cultivars (L 550 and BG 1053)
estimation of malondialdehyde (MDA) (Heath and showed significant 2.2 fold increase in CAT actiat
seed filling stage under irrigated conditions (Fp.

The average catalase activity and specific activity
phenols: Approximately, 100 mg of sample was under drought stress were significantly higher in
homogenized with 4 ml of 3% aqueous sulfosalicyclic drought tolerant PDG 3 and PDG desi chickpea

tissue with 4 ml of 5% (w/v) trichloroacetic acidcd

Packer, 1968).
Extraction and estimation of proline and total

acid and the homogenate was filtered throughcultivars as

Whatman filter paper and filterate was used folipeo
estimation by the procedure of Batet al. (1973).

Hills, 1959).
RESULTS

Superoxide dismutase (SOD): It was observed that

compared

to susceptible cultivars

(DestPBG 1, GPF 2 and PBG 5 ambuli- L 550
and BG 1053) in comparison to activities observed
Total phenols was refluxed with 80% methanol andunder irrigated conditions. An average increase in
then volume was made with 80% methanol to 10 mICAT specific activity was found to be 103.7% and
and total phenols were then estimated (Swain and’6.2% in tolerant PDG 3 and PDG dési chickpea
cultivars under rainfed conditions. Out of five cestible
cultivars, in PBG 1 and L 550 have increased awerag

Table 1. Rainfall data and irrigation schedule during
SOD increased in PBG 1 under rainfed conditions. Inchickpea development.

other susceptibldesicultivar GPF 2 increase in SOD

was observed only at seed filling stage and in FBG Treatment  2008-2009 R(?Jnnr;?” TOt(?Jnvn\:?Ier
reduction in SOD was recorded throughout plant 2 Jan 2009 36
development under rainfed conditions (Fig. 1). Ga t 3 Jan 2009 9.8
other hand, under rainfed conditiokabuli cultivars Rainfall 7 Feb 2009 2.0 44.4
showed higher activity at vegetative stage Il and 8 Feb 2009 23.0
pre-flowering stage and reduction at seed fillitags. 4 Mar 2009 1.0
However, drought did not result in increase in SOD 21 Dec 2008 75
activity in leaves of tolerant (PDG 3 and PDG 4yl an Irrigation 28Jan 2009 75 225
5 Mar 2009 75

GPF 2 cultivars till pre-flowering stage, while a

significant increase in SOD activity was observéd a
seed filling stage when compared to irrigated dio.

* Pre-irrigation of 100 mm was given to all the towdrs

irrespective of the treatment.



329

Tolerant desi cultivars

]
\

OTrrigated
BRainfed

units/min/mgprotein

S = 1w o Dy
R S S

[ Susceptible desi cultivars

54
F 4
g
f Olrrigated
g 2 )
E BRainfed
£

0

VBIL| PF | SF VSIL| PE | SK VSIL| PF | SK
IBG1 GPF2 IBGS

7 Susceptible kabuli cultivars

6

5 4
§ 4 _
g
g 39 Olrrigated
E 74 BRainfed
é 0

FF
BG 1053

H. K. Oberaiet al. / J. Appl. & Nat. Sci6 (2): 326-337 (2014)

Tolerant desi cultivars

20 1
18 A

Olrrigated
BRamted

punoles H,0D45 decomp osed!
min/mg protein
—_
=)

VST | VSTT| PF | SF VST |VSTT| PF | SF

Susceptible desi cultivars

0, decomposed /

OTrigated
BRainfed

Susceptible kabuli cultivars

Olirigated
BRainfed

pmoles Hy;O; decomposed,

VSI|VSIT| FF

BG 1053

Fig. 1. Superoxide dismutase activity in leaves of desi andFig. 2. Catalase activity in leaves of desi and kabuli ghézk

kabuli chickpea under irrigated and rainfed coratits. Vertical
bars shows S.D. from mean of three replicates. éaresent
significance at 1% as compared to control (Studeteist).
VS |- vegetative stage Il, PF- pre-flowering sta§é€- seed
filling stage.

catalase activities under rainfed conditions, hawvev
percentage increase in specific activity was neddyi

under irrigated and rainfed conditions. Vertical reashows
S.D. from mean of three replicates. ‘a’ represeghigicance
at 1% as compared to control (Student t-test). M&getative
stage |, VS II- vegetative stage Il, PF- pre-flowgristage,
SF- seed filling stage.

stressed conditions over irrigated samples was
observed in tolerant cultivars PDG 3 and PDG 4sThi

less as compared with tolerant cultivars (PDG 3 andincrease was 188% and 117%, respectively, which was
PDG 4). Amongkabuli susceptible cultivars, L 550 significantly more than the susceptible cultivartsici
leaves showed greater CAT activities as a result oin general, with exception to L 550, showed either

rainfed conditions. Due to drought stress, the graage
increase in average CAT activity thesi susceptible
cultivars (PBG 1,

decline or were comparable in specific activity ove
the control crop.

GPF 2 and PBG 5) was higherPeroxidase (POX): Under both irrigated and rainfed

compared tokabuli susceptible cultivars (L 550 and conditions, the chickpea cultivars (tolerant ansteptible)

BG 1053), whereas, it was observed that khabuli

showed significant variation in peroxidase actiatyd

cultivars had more average CAT activity under significant variation was seen at all the growthgss
irrigated conditions and comparable under rainfedand even within the cultivars. Maximum activity of

condition than thelesicultivars.

Glutathione reductase (GR): Under rainfed conditions,
activity and specific activity of GR increased @aVves
with the plant development, peaked at vegetatiagest
Il and thereafter declined towards plant matunityail
desi chickpea cultivars, however, ikabuli cultivars
GR showed peak activity at pre-flowering stage.(Big

POX was found at vegetative stage Il in all theesev
cultivars under both stress and normal control
conditions and thereafter, the activity declinel ti
maturity (Fig. 4). However, at vegetative staged
seed filling stage upregulation in POX activity in
tolerant cultivars was noticed to be more undenfeai
conditions compared to irrigated conditions and the

Increase in average specific activity of GR underinduction in activity was more in tolerant than in
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Fig. 3. Glutathione reductase activity in leaves of dedil an Fig. 4. Peroxidase activity in leaves of desi and kabuitilgtea
kabuli chickpea under irrigated and rainfed conafits. Vertical under irrigated and rainfed conditions. Vertical lsashows
bars shows S.D. from mean of three replicates.earesent ~ S.D. from mean of three replicates. ‘a’ represégmificance at
significance at 1% as compared to control (Studeteist). 1% as compared to control (Student t-test). VSegetative
VS I- vegetative stage |, VS lI- vegetative stdgBH- pre- stage I, VS lI- vegetative stage Il, PF- pre-flowgristage,
flowering stage, SF- seed filling stage. SF- seed filling stage.

susceptible at these stages. activity in PDG 3 and PDG 4 leaves in response to
Average increase in specific activity of PDG 3 and drought stress at all stages of plant growth was
PDG 4 was 189% and 161%, respectively. On theobserved. Increase in activity as well as speaifiivity
contrary, in desi chickpea cultivars, decline or of APX in PDG 3 and PDG 4 at vegetative stage keund
comparable in specific activity of POX under water rainfed conditions was much more as compared to
deficit conditions was observed. However, undersusceptible cultivars. The drought tolerant genesyp
irrigated condition activities of susceptible cudtis  have significant capacity to upregulate APX under
(desi and kabul)) was found to be more compared to drought stress as compared to almost negligiblacityp
activities in leaves of tolerant cultivars. Rainfed of susceptible cultivars as reflected by mean agtiv
condition resulted in significant reduction in adies data (Fig. 5).

in leaf tissue of PBG 5Kabuli susceptible cultivar Hydrogen peroxide (H,0,): In general, the content of

L 550 compared todesi susceptible cultivars and hydrogen peroxide increased with progress of crop
kabuli susceptible cultivar BG 1053 had higher POX development (Fig. 6). Average,®, content in leaves
activities under both normal and stressed condition of tolerant cultivars PDG 3 and PDG 4 and sensitive
Ascorbate peroxidase (APX): At vegetative stage |, cultivars PBG 1 and L 550 was less in stressedeeav
higher activities of ascorbate peroxidase weremise However, major changes in ,8, status occurred

in all the cultivars under both irrigated and rathf between pre-flowering and seed filling stages. ifst f
conditions (Fig. 5). APX activity declined theresaft  instance, there appears to be no relationship xf, H
with growth and finally at seed filling stage APX content with drought tolerance. However on close
activity was negligible. However, an increase inXAP  scrutiny, it was observed that,® level is less in
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Fig. 5. Ascorbate peroxidase activity in leaves of desi and Fig. 6. Hydrogen peroxide content in leaves of desi and
kabuli chickpea under irrigated and rainfed conalits. kabuli chickpea under irrigated and rainfed conolits.
Vertical bars shows S.D. from mean of three repisata’ Vertical bars shows S.D. from mean of three repéisata’
represent significance at 1% as compared to control represent significance at 1% as compared to control
(Student t-test). VS |- vegetative stage |, VS/dgetative (Student t-test). VS I- vegetative stage |, VSrdgetative
stage Il, PF- pre-flowering stage. stage Il, PF- pre-flowering stage, SF- seed fillstgge.

leaves of tolerant cultivars PDG 3 and PDG 4 bath athan that observed in susceptible cultivars (Fig. 7
pre-flowering and seed filling stages under rainfed Therefore, possibly it can be concluded on thesbafi
conditions. Such behavior was not observed indata obtained at seed filling stage the membrane
sensitivedesichickpea cultivars. instability, as reflected by lipid peroxidation, sva
Malondialdehyde (MDA): Rainfed induced drought higher in susceptible than in the tolerant chickpea
stress may disturb normal ROS balance and promoteultivars under both stress and control condition.

lipid peroxidation of membranes, either by increase Proline (PRO): Cultivar differences in proline content
production or decreased scavenging of ROS in the ce or interaction between cultivars and drought treatm
The detrimental effect of drought stress and gepioty or at different growth stages was observed (Fig. 8)
variation in drought tolerance could be associatih Proline content increased gradually in all cultssar
levels of MDA. Drought stress resulted in increase  following stress and then decrease was observed at
MDA content in cultivars (tolerant and susceptible) seed filling stage. An increase in proline contant
(Fig. 7). Differences in MDA content were signifita  response to drought in chickpea cultivars was $seen
at seed filling stage, for example, under irrigatedall cultivars at all stages compared to irrigateddition
conditions tolerant cultivars PDG 3 and PDG 4 haveexcept PBG 5 (Fig. 8).

MDA content between 13-24moles ¢ FW which is  Total phenols: Total phenol accumulation was found
lower than MDA content of 16-48moles g FW of to increase with age of plants (vegetative stage |
susceptible cultivars. Under drought stress, MDAseed filling stage) in under drought and irrigated
content though increased in leaves but at seaddfill conditions (Fig. 9). The data obtained at pre-flong
stage the tolerant cultivars had lower MDA contentand seed filling stages showed that tolerant cadiv
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Fig. 7. Malondialdehyde content in leaves of desi and kabul Fig. 8. Proline content in leaves of desi and kabuli chekp

chickpea under irrigated and rainfed conditions.rtital under irrigated and rainfedconditions. Vertical Isashows
bars shows S.D. from mean of three replicates.earesent  S.D. from mean of three replicates. ‘a’ represeghiicance
significance at 1% as compared to control (Studeteist). at 1% as compared to control (Student t-test). M&¢etative
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PDG 3 and PDG 4 have higher phenolic content asirought stress increased SOD activity in leaveslefant
compared to sensitive cultivars under droughtpDG 3 and PDG 4 cultivars followed by susceptible
conditions. In generalkabuli cultivars have higher PBG 1 and L 550 cultivars and reduced it in other
phenolic content than susceptible chickpea cullivar sensitive ones suggesting that drought tolerant
under stressed conditions (Fig. 9). cultivars have a better superoxide radical scavengi
ability (Fig. 1). Badawiet al. (2004) reported that
DISCUSIION transgenic tobacco plant over expressing Cu/Zn SOD
Experimental findings on antioxidant system indéicat showed tolerance to salt and water stresses asawell
that tolerant and sensitive cultivars respondef@raifitty ~ polyethylene glycol induced stress. It has beemwsho
under irrigated and rainfed conditions. Abioticesses  that drought increased SOD activity in drought rae:
are known to induce and enhance the expression afhaize genotype and decreased in drought sensitive
antioxidant genes encoding SOD, CAT, GR, POX andgenotype (Moussa and Abdel-Aziz, 2008).
APX (Jiang and Zhang, 2002; Unyayar and Cekic, The lower SOD activity at vegetative stages (I did
2005; Gharariet al., 2014). Status of SOD activity and pre-flowering stage under both irrigated and
modulates the relative amounts of superoxide réglica rainfed conditions indicated the lower synthesis of
and hydrogen peroxide, the Haber-Weiss reactionSOD at these stages compared to its activity ad see
substrates and decreases the risk of @dlical filling stage in leaves of chickpea plants (Fig. The
formation, which is highly reactive and may cause initial lower SOD activity could improve superoxide
severe damage to membranes, protein and DNAscavenging system of cells and favor accumulation o
(Bowler et al.,1992; Azoozet al.,2009). In this work,  superoxide which mainly contributes in damaging the
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Tolerant dest cullivars

concentration and damage to cell membrane. Under
salt stress, CAT was hypothesized to be the most
important among kD, scavenging enzymes in chickpea
(Eyidogan and Oz, 2007). Possibly, increase inlasda
Brigated activity under rainfed conditions is related torgmsed
|sfanfed Jevel of drought tolerance in drought tolerant ivalts
(Fig. 2). The increased activity of CAT at seedirnfg
stage compared to other stages might be due to the
enhanced superoxide dismutase activity and the
increase in CAT activity might be wuseful in
dismutating hydrogen peroxide that is the key pobdu
in reducing senescence under prolonged water stress
conditions (Casanet al.,1999).
APX activity is rapidly induced by various stress
_—— conditions including drought (Mittler and Zilinskas
granted 1994), chilling (Prasackt al., 1994) and salt stress
(Lopezet al.,1996) and has an important role in stress
tolerance. Ascorbate peroxidase plays a vital inle
scavenging hydrogen peroxide in water-water and
ascorbate-glutathione cycles (Gill and Tuteja, 2010
APX scavenges hydrogen peroxide and uses ascorbate
‘ Susceptible kabui cultivars as an electron donor in plants. According to trseilte
61 of present study, at vegetative stage | APX agtiwias
noticed to be maximum and the activity was reldyive
lower during other stages under both conditiong. (5).
oited  VVAter stress induced stimulation of APX activityswva
BRainfed more pronounced in tolerant cultivars than in déresi
ones. Moreover, the activities of APX in both taletr
cultivars were increased under drought stress 8946
and 256% indicating their possible role in drought
tolerance (Fig. 5). Sairanet al. (1998) have also
observed higher APX activity in tolerant genotypes
Fig. 9. Total phenols content in leaves of desi and kabuli compared to susceptible ones under water stress.

mg/g FW

6 7 Susceptible desi cultivars

meg'z FW

VSI|VSI] PF | SF VSIVSII PF | SF

mg'g FW
o
L

S = 9w
L

BG1053

chickpea under irrigated and rainfed conditions. rtitel Higher APX activity in drought tolerant cultivars
bars shows S.D. from mean of three replicates. épresent under water deficit conditions might help cultivans
significance at 1% as compared to control (Studetest).  maintaining the required levels of hydrogen perexid

VS |- vegetative stage |, VS II- vegetative stagEH- pre-

; > Glutathione reductase, which catalyzes the reduoctio
flowering stage, SF- seed filling stage.

of oxidized glutathione (GSSG) to reduced glutatkio
(GSH) is an important endogenous antioxidant

membrane _(Pandegt al., 2010). However, leaves _Of (Chalapathi Rao and Reddy, 2008). GR activity was
tolerant cultivars were observed to have compaghtiv higher in PDG 3 and PDG 4 under control and stress

higher activity at vegetative and pre-floweringgea  ,nitions and maximum activity was evident at
pompgred to sensitive cuIt_l\{ars and a S|gn|f|cagt_16r vegetative stage Il and pre-flowering stage (FjgA%
g1duct|on a(tj tr&e Ofl seed f||||ngdcarr1] bebcorrrlglarl]mdﬂ o1 result of rainfed condition, average GR specific
etter seed development and thereby higher yield, ity in leaves of bottkabuli susceptible cultivars
These observations indicate that the leaf machimery was noticed to be more thaiesisusceptible cultivars.

tolerant cultivars is not damaged to the exteninas | crease in GR activity has been correlated with
susceptible cultivars due to oxidative stress aadeh increased synthesis of GR protein under stress

impact on yield. o ) i (Edwardset al., 1993). Edjoloet al. (2001) reported
Catalase_has a S|gn|_f|ca_nt role in plant defef? Bl greater GR activity in leaves of tolerant poplar
drought induced oxidative stress. The main loci Ofgenotypes under drought stress than sensitive

CAT action are known to be the peroxisomes. Thegenotypes. Similar results came from Kellet al.

activity of this enzyme is sensitive to both droughd _(2008) who reported significantly higher GR actvit
heat stresses (Jiang and Hoang, 2001). Decreasing o4t tissues of tolerant maize variety than the

activity of this enzyme .in susceptible C“'ti"afs YNa  sensitive variety under ABA induced stress condgio
relate to photo inactivation of the enzyme whichais o 15 higher APX activity at vegetative stage | of
sign for the advent of light stress in the planatth cpicpnea cultivars observed under both conditions

usyally cause photo—|nh|b|t|on of photosystem hd"." resulted in accumulation of monodehydroascorbate
this condition itself leads to hydrogen peroxide
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and therefore, enhanced GR activity at later veiyeta more mean content of proline in stressed plants as
stage Il and pre-flowering stage (Fig. 3) may help compared to control.

maintaining a high ratio of GSH/GSSG which is Phenolics are the main class of secondary metabolit
required for the generation of ascorbate by utiizi with important roles in abiotic stress tolerance do
monodehydroascorbate and also for activation oftheir antioxidant properties (Ruiz and Romero, 2001
several chloroplastic CQixing enzymes (Asada and Hura et al., 2009). Drought stress caused significant
Takahashi, 1987). Moreover, regenerated ascorbateincrease in total phenolics in all chickpea cultsvan
might further play a role in non-enzymatic scavengi present study. However, higher accumulation ofdéhes
of superoxide and hydrogen peroxide radicals andsolutes in tolerant ones might be the possibleoreas
protect chickpea leaves from ROS. Thus elevated GHRor their enhanced capacity to resist drought stres
levels may prevent the formation of free radicalshie  (Fig. 9). The accumulation of total phenol in teler
leaves of tolerant chickpea cultivars under waterplants might act synergistically with enzymatic and
deficit stress conditions. non-enzymatic antioxidative defence system to aonfe
Peroxidases are the major scavengers of hydrogehigher degree of stress tolerance. Wahid and
peroxide in chloroplasts and cytosol. They alsoehav Ghazanfar (2006) observed that enhanced synthesis o
important roles in growth, development, lignificats soluble phenolics is directly correlated with saiftd
and subarization processes (Asada and TakashasHigat tolerance in sugarcane. Chakraborty and Pardha
1987). So, increasing activity of this enzyme in (2012) reported increased proline and total phenol
drought stress perhaps shows the accumulation ofontents in leaves of four wheat varieties under
hydrogen peroxide in this condition (Csiszar al., drought stress conditions.

2005). Therefore, higher POX activity under drought One of the reactions that speed up in the presehce
stress in tolerant cultivars and L 550 (susceptibleROS is peroxidation of membrane lipids which lead t
kabuli cultivar) could be a sign of an efficient stress production of aldehydes like malondialdehyde and
response mechanism (Fig. 4). Simova-Stoiletaal. other products like ethylene (Liu and Hoang, 2000;
(2009) also observed increase in peroxidase aciivit Jiang and Huang, 2001). The peroxidation of lipids
flag leaves of four wheat varieties differing irodght  the cell membrane is one of the most damaginglaeliu
tolerance under field conditions under severe dnbug responses observed in response to drought stress
conditions. They suggested that increase was in(Thankamaniet al., 2003) and the amount of lipid
accordance with the membrane-stabilizing functibn o peroxidation is considered to be one of the deteanis
this enzyme. The present investigation also redeale which  indicate  the  extremity of  stress
that activity of POX was significantly increased at experienced by a plant. In the present investigatiio
vegetative stages (I and 1) but reduced atwas observed that although MDA content increased in
pre-flowering and seed filling stages under irigght all chickpea cultivars during drought stress, MDA
and rainfed conditions (Fig. 4). However, higher content in susceptible cultivars was more than ttfiat
activity was also observed at seed filling stage intolerant cultivars (Fig. 7). Tatar and Gevrek (2008
tolerant cultivars under the drought condition reported that MDA content in wheat leaves increased
compared to control condition and thereby, would bewith severity of drought stress.

helping in detoxification of hydrogen peroxide Increased concentrations of hydrogen peroxide, a
produced due to higher SOD activity at this critica strong oxidant, and cause localized oxidative danag
stage of chickpea development. disruption of metabolic functions and lipid
Kalefetoglu - Macar and Ekmekci (2009) reported tha peroxidation (Zlatewet al., 2006). However, besides
proline content in the leaves under drought cooditi being an ROS, hydrogen peroxide is also a signal
was higher in tolerant chickpea cultivar than in a molecule, which is involved in signal transduction
sensitive cultivar. However, such a generalizationmechanisms for several processes in plants such as
could not be observed in present study though perge  stomatal closure, root growth and responses tagath
increase in the mean proline content of tolerantchallenge (Neillet al.,, 2002; Laloi et al., 2004;
cultivars with exception to GPF 2 was more thareoth Desikanet al.,2005). Thus, levels of hydrogen peroxide
cultivars (Fig. 8). Increase in leaf proline conteith are efficiently controlled to maintain balance
decrease in water supply means that an efficienbetween production and breakdown. In this study,
mechanism for osmotic regulation, stabilizing although hydrogen peroxide accumulation increased
sub-cellular structures and cellular adaptatiomw#éder  during drought stress in tolerant and susceptible
stress is available (Khamssi al.,2010). Proline may cultivars (Fig. 6), there was a lower hydrogen gite

act both as a metabolic substrate to sustain thdsnef  levels in tolerant cultivars, indicating greater
rapidly dividing cells and, in turn, as a feedbaanal antioxidant activity and also higher proline andato
molecule to fine-tune developmental processes aach phenol contents. Kelloset al. (2008) reported
flower transition. Rauet al. (2003) reported that in accumulation of higher 4, content in leaf tissue of
five drought tolerant chickpea cultivars which when sensitive genotype of maize as compared to tolerant
subjected to artificial drought stress showed 8@es  ones under drought stress induced by polyethylene
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glycol. Osmond, C. B. and Arntzen, C. J. Eds. Photoinhibition.
In general, with the age of plant, the activitiek o Elsevier, Amsterdam. . o
superoxide dismutase (SOD) and catalase (CAT)Ashraf, M. (2009). Biotechnological approach of imying
increased but the activities of glutathione redseta plant salt tolerance using antioxidants as markers.
(GR), ascorbate peroxidase (APX) and peroxidase Biotechnology Advance87: 84-93.

. Azooz, M. M., Ismail A. M. and Abou-Elhamd, M. R2009).
(POX) decreased. Both APX and POX are actively Growth, lipid peroxidation and antioxidant enzyme

involved in detoxification of ROS by breaking down activities as a selection criterion for the saletance of
hydrogen peroxide; therefore, it seems that these three maize cultivars grown under salinity stress.
enzymes have greater role in tolerance duringainiti International Journal of Agriculture and Biolog¥;121-
drought stress conditions. Chakrabo#dl al. (2002) 126.

also reported that POX activities increased initia Badawi, G. H, Yamauchi, Y., Shimada, E., Sasaki, R.,
leaves of all tea cultivars following drought sse$he Kawano, N., Tanaka, K. and Tanaka, K. (2004).

Enhanced tolerance to salt stress and water déifjcit
over expressing superoxide dismutase in tobacco
(Nicotiana tabacur chloroplasts.Plant Science166:

relatively low activity of APX and POX during seed
filling stage could be because old leaves generally

contain low concentration of antioxidants and tisat 919-928.

why old leaves are more prone to enhanced oxidativesartoli, C. G., Simontacchi, M., Tambussi, E., Beload.,
injury than the young leaves. Chi_ckpea is espe;_ciall Montaldi, E. and Puntarulo, S. (1999). Drought and
vulnerable to soil drought at flowering and sedith§ watering-dependent  oxidative stress: effect on

stages and the activities of GR and SOD and CAT at antioxidant content inTriticum aestivumL. leaves.
these respective stages significantly increasederund Journal of Experimental Botan§p: 375-383. _
drought stress compared with irrigated conditioDs ~ Bates, L. S., Waldren, R. P. and Teare, |. D. (19Rapid
contributes to later accumulation of hydrogen pitex detsrmm?tlon Ofl free proline content for waterestr
. . . studiesPlant Soil,39: 205-207.
and the c:lydlroggn perOXIdehprodEJce(lj) IS metabollg(/jedhb Battana, S. and Ghanta, R. G. (2014). Antioxida¢ineyme
CAT and also by POX. It as also been reportg that responses under single and combined effect of vaater
ABA treatment or drought increased the activity of heavy metal stress in two Pigeon pea cultivaosirnal
SOD in mature leaves of Arabidopsis (Jung, 2004) an  of Scientic and Innovative Researgh72-80.
wheat (Keles and Oncel, 2002). Thus, combination ofBowler, C., Van Montague, M. and Inze, D. (1992)p&oxide
activities of the different enzymes is essentiat fo dismutase and stress tolerandanual Review of Plant
tolerance. At vegetative stage 1l and pre-flowering Physiology and Plant Molecular Biolog§3: 83-116.
stage, hydrogen peroxide and malondialdehyde weré&asano, L. M., Martin, M., Zapauta, J. M. and Sabaie
noticed to be lowered compared to other stages, (1999). Leaf age and paraquate concentration depénd

. . . effects on the level of enzymes protecting against
thereby, suggesting GR would be playing major ole photo-oxidative stres®lant Sciencel49: 13-22.

pr(_)viding toI_erance against drought conditions in Chakraborty, U. and Pardhan, B. (2012). Drought
chickpea cultivars. stress-induced oxidative stress and antioxidamoreses

. in four wheat Triticum aestivunl.) varieties.Archives
Conclusion of Agronomy z;(nd Soil Sciendss: 6)17-630.

It was concluded that the changes in the activities Chakraborty, U., Dutta, S. and Chakraborty, B. N. 200
antioxidant enzymes might be due to differential ~ Response of tea plants to drought streBimlogia
expression of corresponding genes at differentestag Chaplamar“m'45' 557-562.

. . L lapathi Rao, A. S. V. and Reddy, A. R. (2008).
of growth and might be responsible for providing Glutathione reductase: a putative redox regulatory

tole_rar_lce to drought tolerant cultivars. Thus, ustatf system in plant cells. In: Khan, N.A: Singh, S. ahdar
antioxidant enzymes could be a very useful tool for s eds. Sulfur assimilation and abiotic stressqdnts,
depicting drought tolerance of chickpea, which doul 111-147pp. Springer, The Netherlands.

be useful to plant breeders for developing droughtChance, B. and Machly, A. C. (1955). Assay of catalasel
tolerant cultivars. However, further studies aredes peroxidasesMethods in Enzymolog§; 764-775.

to confirm the role of antioxidant enzymes for Chaparzadeh, N., Amico, M.L.D., Khavari-Nejad, R.A.,

depicting drought tolerance in a large number of  '220, R. and Navari-izzo, F. (2004). Antioxidative
responses of Calendula officinalis under salinity

genotypes. conditions.Plant Physiology an@iochemistry42: 695-
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