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Abstract: The present investigation was aimed to study influence of moisture stress in in vitro identified tolerant
(GL28151, RSG963, PDG3) and sensitive (GL22044, GNG1861, PBG1) chickpea genotypes under field conditions.
Moisture stress treatments included crop sown with one pre-sowing irrigation (WSyep), irrigation withheld at flower
initiation stage (WSg), irrigation withheld at pod initiation stage (WSp) and control (irrigated as and when required).
Osmolytes (in seeds) viz. total soluble sugars, starch, proline, cellular functions; relative water content, membrane
permeability index and lipid peroxidation (in leaves), antioxidant enzymes (at pod filling stage) viz. peroxidase, cata-
lase, superoxide dismutase, glutathione reductase were estimated in chickpea seeds under control and stressed
conditions. WSygp was most severely affected by moisture stress followed by WSp and WSg and emphasized on pod
intuition stage as critical stage attributable to hindered transport of assimilates towards formation of pods and devel-
opment of seeds under stress imposed by lack of sufficient moisture. Highest accumulation of total soluble sugars
(73.33), starch (73.12), proline (2.04) in mg/g fresh weight, least percentage reduction over control in relative water
content (20.3), membrane permeability index (18.8) and minimal lipid peroxidation (31.3) accompanied by signifi-
cantly enhanced activities of antioxidant enzymes under WSygp rendered moisture stress tolerance in RSG963. The
pronounced cellular damage, lesser alleviation in the content of osmolytes, antioxidant enzymes activity was ob-
served in sensitive genotype GL22044 under stress treatments. High molecular weight protein bands were found
either absent or of low intensity in sensitive genotypes (GL22044, GNG1861 and PBG1) under severe stress treat-
ment (WSVFP)-
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INTRODUCTION in cytoplasm and active antioxidant defense mecha-
nism which protect cell structure against damage in
duced by dehydration and oxidation. Soluble sugars
are basic constituents of metabolic pool in plants;

Lack of moisture in the soil imposes deleteriouftuin
ence on the morphology, physiology, biochemistry of

plant, causing altered metabolic processes andciedu j,qq a5 precursors for numerous biosynthetic patawa
tion in economic yield. Chickpedicer arietinum L) 54 play role in signaling during abiotic stresar{&ar

is the third most important food legume which had a5410) “accumulation of proline, influences protein
f[otal global production of 13.1M tons_from 135”“. salvation, preserves quaternary structure of coxnple
in 2013 (FAOSTAT 2014). High protein content, wide nteing  reduces oxidation of lipid membranes and
climatic adaptations, nitrogen fixation abilitywaro- play important role in scavenging free radicals amd
duction cost favours wide cultivations of chickpaa,a  ,qisture stress conditions (Rahekettal 2012). Rela-
cool season legume crop. Crc_)p often suffers froMy e \yater content is an important physiologicalittr
d_rought at t_he ef_‘d. of the_ cropping season, dugio U re|ateqd with osmoregulation and serves as a quick
timely and insufficient rainfall. Although, generaf- method for screening drought tolerant varieties.

fects of drought on plant growth are fairly welldam, - apother common consequence of drought stress is an
the primary effects of water deficit at the biocheah o556 production of toxic reactive oxygen speci
and molecular levels are not well understood such a superoxide dismutase;{Qhydrogen peroxide
(Bhgtnagar-Mathuet ql 200_9)' . . (H,0;) and hydroxyl radical (OW (Masoumi et al

A wide range of physiological and biochemical adapt 5011y Lipid Peroxidation and damaged membrane
tions allow the survival of crop when fﬁced with integrity are key indicators of oxidative stressl ame
drought stress. These strategies involve maintenahc negatively correlated with the growth of crop. Réan
optimum water potential by accumulation of compati- 5/ developed a dynamic defense mechanism com-
ble solutes such as soluble carbohydrates andnproli prising of various antioxidant enzymes, such agsup
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oxide dismutase (SOD), peroxidase (POD) and cataRWC = Fresh weight- Dry weight 100

lase (CAT), glutathione reductase (GR) and non €nzy Saturated weight — Dry weight

matic antioxidants, such as ascorbic acid and estluc Lipid peroxidation: Lipid peroxidase formation was
glutathione (GSH) to cope with moisture stress.&Wat studied by Thiobarbituric acid (TBA) color reaction
stress cause both reductions in the rate of preigin ~ leaf sample by following method of Bernheieh al
thesis as well as the changes in the type of pretei (1948). Malondialdehyde (MDA) content formed was
produced, these stress induced proteins allowplant expressed asmoles ¢ dry weight.

make biochemical and structural adjustments that enExtraction and assay of antioxidant enzymesDe-
able plants to cope with the stress (Pratap andn&ha veloping seeds at podding stage were taken froi var
2010). ous stress treatments and control for studyingoaiti
Keeping the above in view, the present investigatio dant enzyme activity. All the enzymes were extrdcte
was carried out with an objective to understand bio at 4> C to minimize denaturation and assayed 4€30
chemical mechanism of drought tolerance by measurExtraction of assay of peroxidaseThe enzyme was
ing relative content of total soluble sugars, dtarc extracted from the fresh seed samples with 0.1 M po
proline, water content, membrane permeability,dlipi tassium phosphate buffer (pH 7.5) containing 1% PVP

peroxidation, activity of antioxidant enzymes vier- 1 mM EDTA and 10 mM3- mercaptoethanol by stan-
oxidase, catalase, superoxide dismutase in chickpealard methods of Kar and Mishra 1976. The extracts
profiling of induced proteins. were centrifuged at 10,000 g for 10 minutes. Tlae+e

tion mixture contained 3 ml of 0.05 M guaiacol pre-
MATERIALS AND METHODS pared in 0.1 M potassium phosphate buffer (pH 6.5),

The seeds of chickpeaCicer arietnum L.) tolerant 0.1 ml of enzyme extract and 0.1 ml of 0.8 MG
(GL28151, RSG963, PDG3) and sensitive (GL22044,The reaction mixture without 4, was measured as a

GNG1861, PBG1) genotypes selected on the basis dplank. The reaction was initiated by addingOhand
in vitro studies conducted under various osmotic con-rate of change in absorbance was recorded at 470 nm

centration levels, were procured from Department offor 3 minutes at an interval of 30 seconds. Pewsed
Plant breeding and Genetics, Punjab Agricultural-Un activity has been defined as change in absorbairte m
versity, India, and grown in experimental field are ' g* fresh weight.

under varied water stress treatments. Each genotypEXxtraction and assay of superoxide dismutasezn-
was grouped in four sets viz., irrigated as andrwhe Zyme extract was obtained by same procedure given
required (C), sown with one pre-sowing irrigation for peroxidase (Kar and Mishra 1976). In a cuvette,
(WSyep), stressed at flower initiation (WS and 1.5ml of 0.1M Tris-HCL buffer (pH 8.2), 0.5 ml of 6
stressed at pod initiation (WS The experiment was MM EDTA, 1ml of 6 mM pyrogallol solution and 0.1
laid out in a split plot design with three replicais. ml of enzyme extract was added. Absorbance was re-
At harvest, mature seeds were taken to analyze biocorded at 420 nm after an interval of 30 seconds 8p
chemical changes in the osmolytes and for protein p Minutes. A unit of enzyme activity has been defiaed
filing. Leaves at 120 DAS were collected to study the amount of enzyme causing 50% inhibition of auto
membrane permeability index, relative leaf watem-co ©Oxidation of pyrogallol observed in blank. Supedi
tent and lipid peroxidation. Fresh chickpea seeds, dismutase was expressed as unit enzymefrgsh
120 DAS stressed at varied growth stages weretosed Weight (Nishikami et al 1972).

determine activity of antioxidant enzymes. Extraction and assay of catalaseThe enzyme was
Extraction and assay of biochemicalsMature seed extracted with 50 mM sodium phosphate buffer (pH
samples of known weights were collected and ho-7.5) containing 1% polyvinyl pyrrolidine. In spewtr
mogenized in 80% ethanol and centrifuged. The resiphotometric cuvette, 1.8 ml of 50 mM sodium phos-
due was re-extracted to ensure complete extractionphate buffer (pH 7.5) and 0.2 ml of enzyme extract
supernatants were pooled and used for estimation ovas added as per the standard methods of Kar and
total soluble sugars. Residue left after ethantlaex  Mishra 1976. The reaction was initiated by adding
tion was kept for analyzing starch content. Sugamg  H20.and utilization of HO, was recorded at intervals
starch was estimated by method given by Dulbis of 30 seconds for 3 minutes by measuring the dserea
(1956). Proline content was measured by methochgive in absorbance at 240 nm. Catalase activity was ex-
by Bateset al (1973). Sugars, starch and proline con- pressed agmoles of HO, decomposed mihg™ fresh
tent was expressed as mydyy weight. weight.

Membrane permeability index and Relative water ~ Extraction and assay of glutathione reductaseThe
content (RWC): The percent leakiness of seedling tissue (100 mg) was extracted with 2 ml of ice daldl
was determined following the method of Fletcher andM Tris HCL buffer (pH 7.5) containing 1mM EDTA,
Drexlure (1980). 1% PVP, 10mMp-mercaptoethanol, using pestle and
Relative water content was recorded from the leafes mortar. Homogenate was centrifuged at 10000 g@t 4°

control and stressed plants by following methocegiv  for 20 minutes and clear supernatant was usedrfor e
by Weatherly (1950). zyme assay as per the standard methods of Esterbaue
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Fig. 1. Peroxidase activity (4Amin"'g™fresh weight) of vari-  Fig. 3. Catalase (4A min’ g fresh weight) of various chick-

ous chickpea in response to water stress imposed at all
growth stages (WS vrp), flower-initiation stage (WS:) and
pod-initiation stage (WS).
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Fig. 2. Superoxide dismutase (unit enzyme g* fresh weight)
of various chickpea genotypes in response to water stress
imposed at all growth stages (WS \rp), flower-initiation
stage (WS:) and pod-initiation stage (WSp).

and Grill 1978. To the spectrophotometric cuvedte,

pea genotypes in response to water stress imposed at all
growth stages (WS rp), flower-initiation stage (WS:) and
pod-initiation stage (WSy).
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Fig. 4. Glutathione reductase activity (4A min? g* fresh
weight) of various chickpea genotypes in response to water
stress imposed at all growth stages (WS yep), flower-
initiation stage (WS:) and pod-initiation stage (WS).

noticeably under various water stress treatmerabI€T

ml of 0.1 M Tris HCI buffer (pH 7.5), 0.1 ml of 1.5 1). Sharp increase was noticed under,¥Sollowed

mM MgCl,, 0.1 ml EDTA (0.2 mM), 0.2 ml of 0.5 by WS and WS stress treatments. Under \WS per-
mM NADPH and 0.2 ml of enzyme extract and then cent increase was highest in GL28151 (38.4), while
0.2 ml of 2 mM oxidized glutathione was added. Theleast increase was noticed in PBG1 (25.9). Thegmrc
enzyme activity was estimated as the decrease -of alincrease in total soluble sugars at pod-initiatstage
sorbance at 340 nm after an interval of 30 secaptis  among tolerant genotypes was recorded maximum in
3 minutes. The molar extinction coefficient for RSG963 under W3.10) and WS(34.6) stress treat-
NADPH is 6.22 mM cm™. Glutathione reductase ac- ments. Among sensitive genotypes, minimal percent
tivity was expressed as pmoles of NADP formed min increment was observed in GL22044 unders\{d%.0)

g™ fresh weight of leaf tissue and W$ (18.9) stress treatments. The variations in
Statistical analysis: The data on various parameters proline content estimated in dry chickpea seeds is
were subjected to statistical analysis. Criticafedi shown in Table 1. Percent increase was highest in
ence values were calculated by analysis of variancd®DG3 under W&p (61.3) and WS(47.1) stress treat-
(ANOVA). ments. However, RSG963 showed higher increase in
Protein profiling: Protein content of control and treat- percentage under stress treatment,WE3.5). Com-
ment (WSrp), SOWN with one presowing irrigation was paratively lesser increase was shown by sensitive
analyzed using SDS PAGE was by Laemmli (1970). genotypes, among them, GL22044 showed least in-

RESULTS AND DISCUSSION crease in percentage under yWS(46.8), WS (17.2)

and W$ (34.4) respectively.
Total soluble sugars, proline and starch content: ~Starch content was greater in seeds grown under con
Total soluble sugars and proline content was fdamd  trol conditions, and showed progressive decreaderun

in seeds under control conditions, while it enhance Water stress treatments (Table 1). Under stresg-tre
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Plate 1. SDS PAGE Electrophoresis of of various chickpea those of degradation are inhibited (Sumithra and
genotypes under control (C) and stress treatment suith  Reddy 2004). Tolerant genotypes accumulated greater
one pre-sowing irrigation (V). contents of sugars and proline in comparison tsisen
tive ones enabling organelles and cytoplasmic iactiv
ties to take place at normal pace, regulating ajim
growth, photosynthesis and helping optimum translo-
cation of photo-assimilates towards grain fillingder
water deficit conditions. Similar results were rapd
by Basuet al (2007) in chickpea.
Relative leaf water, membrane permeability index
and lipid peroxidation: Decline inrelative leaf water
content and increase in membrane leakage was ob-
served under all stress treatments. Maximum infleen
was noticed under treatment \}sfollowed by WS
and W$S. Least reduction was noticed in RWC of
RSG963 (20.36%) under treatment WS while
GL28151 showed minimum reductions of 7.38% and
7.95% under treatment WSand WS respectively
(Table 2). Whereas, sensitive genotypes showed shar
reduction in their relative water content undeesst
however difference within the genotypes followed no
1-GL28151, 2-RSGI63, 3-PDG3, 4-GL22044, 5-GNG1861, SPECIfiC pattern under variable stress treatmeiésn-
6-PBG1 under control conditions brane permeability index showed significant inceeas
1-GL28151, 2-RSGO63, 3-PDG3, 4-GL22044, 5- under _stress treatments over.control (Table 2)stea
GNG1861, 6-PBG1 under WS Treatment alterations were recorded in tolerant genotypes,
RSG963 under treatments {5 (18.84%), W$
ments, percent decrease over control was highest i(6.83%) while in PDG3 (13.72%) under treatment
sensitive genotype GL22044 under treatments,W/S WS, However, pronounced alterations were observed
(28.9), W& (19.1) and W§(24.5). Percentage decline in GL22044 (27.65%) under treatment WS while in
was minimum in tolerant genotype RSG963 underGNG1861 showing increase of 22.22% and 26.16%
WSyep (17.1), however GL28151 and PDG3 showed under Ws and W$ respectively.
least percentage reduction under water stressrtegdéit  Extent of lipid peroxidation incremented as the mag
WS (13.1) and WS(15.5) respectively. tude of stress imposed increased, following similar
Maintenance of plant water status is a fundamentatrend where W&, was affected most, followed by
phenomenon for the maintenance of normal growth ofwS, and W$. Increase in percentage was minimal in
plants under stressful environment (Ali and Ashraf GL28151 under W&» (30.5), WS (22.9) stress treat-
2011). Osmotic adjustment ranges between 0 to 1.3nents, while under WS RSG963 showed minimum
MPa (Moinuddin and Khanna Chopra 2004) in chick- increase of 20.0% (Table 2). Highest increase o8,44
pea, and plays pivotal role in adaptation of clomwa- 34.4 and 38.5 percent was noticed in GL22044 under
ter deficit conditions. Present study suggestsvalt WSyrp, WS- and WS stress treatments respectively.
tion in soluble sugars and proline, while storageme  Optimum relative water content is crucial for eifiat
pound starch declined as the stress increased.g€&an physiological functioning and growth processes of
in quantity of soluble sugars in association wittev ~ crop and has been identified as potential physiotdg
stress may be due to increased sugar biosyntloesis, marker in many crops. Relative water content dedlin
version of storage forms of carbohydrates to selubl in present study under moisture stress conditi¢ins.
sugars, breakdown of cell wall polysaccharides andmay be attributed to water loss through stomatal
changes in rate of sugar transport (Sunkar 2016). U mechanism during photosynthesis and inefficienewat
der water stress conditions, lowered water poteigtia assimilation under drought stress (Lobatal 2008).
accompanied by breakdown of starch by hydrolytic Unchanged RWC in tolerant genotypes in comparison
enzymes amylases, into glucose and maltose, whiclo sensitive ones showed that they have mechansms
increases the osmotic concentration of cell. Assailt,  control degree of cell and tissue hydration undatew
cellular turgor, expansion growth, uptake of wated  stress by regulating stomatal opening. Resultsirare
minerals through root is maintained. Proline isra-p  accordance to that observed by Sepaht (2014) in
tective osmolyte that accumulates faster than othesoybean. Reactive oxygen species are formed as by-
amino acids, shows multifarious role in droughetel  product in electron transport chains of chloromast
ance reactive oxygen species scavenger, and postect mitochondria and plasma membrane and initiate lipid
from oxidative damage and stabilizing enzymatic-pro peroxidation and degrade proteins, lipids and recle
teins against desiccation. Enzymes involved inipeol acids (Hendry 2005), leading to enhanced membrane
biosynthesis elevates under drought stress, wheredeakage. Lipid Peroxidation measured as the amafunt




230 Navkiran Randhawet al. / J. Appl. & Nat. Sci. 8 (1) : 225- 231 (2016)

malondialdehyde formed which is most abundant alde+eported in chickpea (Patel and Hemantaranjan 2012)
hydic lipid breakdown product. Electrolyte leakage Glutathione has antioxidant properties since thiol
mainly related to K efflux from plant cells, which is group in its cydtein moiety is a reducing agent aad
mediated by plasma membran&gérmeable channels be reversibly oxidized and reduced. Enhanced #&gtivi
(Demidchik et al 2014). This study indicates pro- of Glutathione reductase has been reported by 8hara
nounced enhancement in lipid peroxidation and mem-and Naik (2011) irArachis hypogeal L..

brane leakage as the magnitude of stress enhanceBrotein profiling: SDS-PAGE results revealed no
Similar results were observed by Patehbl (2011) in  significant effect of treatments, until severe s$rein-
chickpea. der WSp was experienced by crop, on the protein of
Antioxidant Enzymes: Antioxidant activity was the SDS-PAGE. Electrophoretic analysis of total-pro
found to show tremendous increase in seeds undeeins in seeds from control (Plate 1) revealed that
WS,rp, followed by WS and WS stress treatments. bands of more than 96 KDa molecular weight, were
Higher increase was observed in tolerant than emsi more intense in GL28151 and PDG3 and less intense
genotypes. Percent increase in peroxidase actialy in GNG1861 and PBGL. In seeds derived fromWS
highest in RSG963 under stress treatments,/WS (Plate 1), 96 KDa molecular weight proteins werssle
(33.7) and W§ (26.8), while under WS greater per- intense in GNG1861 and completely missing in PBG1.
cent increase of 30.3 closely followed by 30.2 wasBands of 45 KDa molecular weight showed heteroge-
found in GL28151 and RSG963 respectively (Fig. 1).neity, bands of higher intensity observed in tatéra
Increase in percentage was found least in GL22044GL28151, RSG963 and PDG3) than sensitive
under WSgp (25.9), WS (18.3) and WS(22.2) water  (GL22044, GNG1861 and PBG1) genotypes.

stress treatments. Variation in superoxide disneutas SDS-PAGE results revealed no significant effect of
activity is shown in Fig. 2. Highest percentagaéase treatments, until severe stress unden¥y®/as experi-
was recorded in RSG963 under stress treatmentenced by crop, the overall pattern of seed stopage
WSyep (34.7), WS (23.2) and WS (28.8) among tol- teins showed low degree of heterogeneity, moreover
erant genotypes, while least increment in percentagthe changes which were observed were mainly due to
within sensitive genotypes was observed in GL22044the differences in the genome rather than thertreat
under stress treatments \¥S(22.7), WS (10.2) and  indicating that seed protein composition is maicty-
WSs (19.5). trolled by genetic factors rather than environmemnt.
Percentage increase in activity of enzyme catadase accordance with our study, were the results observe
depicted in Fig. 3 was highest in RSG963 undesstre by Mansourifaret al (2011), where severe drought
treatments Wgp (25.3), WS (11.4) and WS (21.3), stress had noticeable effect on protein banding pat
among tolerant genotypes, while lesser percentagéerns, however other water stress treatments shawed
increase within sensitive genotypes was observed irsignificant effect as observed in chickpea seeds.
GL22044 under stress treatments JASS(16.5), WS .

(7.60) and W (9.30). Glutathione reductase enzyme Conclusion

activity was less in control, and it enhanced ungigf  Genotypic variations were prominent in response to
ter stress treatments, magnitude of increase veEgegr  moisture stress that underlines tolerance of RSG963
as the level of water stress increased (Fig. 4)ogn  and sensitivity of GL22044 towards moisture stress.
tolerant genotypes, highest increase was observed iRemarkable variability observed under differenessr
RSG963 under water stress treatmentyWS41.2)  treatments lay emphasis on podding as criticalestag
and W$ (23.7). Among sensitive genotypes, least in-for irrigation after treatment sown with one preguyv
crease in enzyme activity was found in GL22044 unde jrrigation (WS/e). This study may contribute towards
WSyer (26.6) and WS (22.8), whereas under WS identification of physiological and biochemical rkar

minimum increase in enzyme activity was observed iners for drought resistance breeding programmes.
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