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ABSTRACT

The mtaedin sarymes ovsem m the shoct of 9 e mave wes ecked i the Blorstory, The sed Soll citherd of Zar s (ov. Affcan Talla%
were purchasal fiom the ol marke and sierilized meperly The gronih was done for five davs o resded byt MeO1 CH0mA and Do
lmvely, toen kinstim {2p00 and Sp b0 Terels and their repectve comnatioes. The smsymatic nesaye of ey anbosident =nrymess 1,2 catalase, mamea!
poronadase (GEX] amorbaie poroxidase, dimoiaze md ghunthione reductize (GH] in maze e woe dee. The memsat of
uspoiinst metatobc parameten pe liped perocidation aoe-protsis tuol levedy and prolise cobet m mare Jmves was also perfomesd The actavty
v camlus wes vary sirongly respomsie i et and imereesed dts soiivity 8 belk de leed The sctaly of OF vas also ndeiiled in cese of sl
aid Kinatn gronpmg of [owes coniealrmssn [oval The GPFX acivey waa dnddbived B 100 and A0md of NaCl levady in axersal medign Bur
wmmlated b Sl Kinstn kel alone o well a8 n kigh amount st combimatses lavels winle dismetase of Jea mmer oot was
stamlred atd shasd noiewontlly im wene thivie in peageoase 18 00 MNec] Jevel &2 weld 4 Kinfin [evas. The lover combang ien of Tolh ak
and kinetn seppresaed the acragy of sscorbase peraxsdhise whale the lipd peeoxadation end proline comteryi were incremess by both fio mi tostments

Kewerds; Kmetm, guaiazol perodme, cxnbes, mpsrcde dismusace, praizon] perrdacs, pscorhaie parmodoss and lipid peeomdation

[ETRODUCTION

Salinity peduces the ability of plusis #o take up wader mnd thiz
quickly causes reductions in growis e, The effect of sdwl-
berm salf stress and secovery o growth, water mlackns amt the
activicy of sores antiosidant enzyows was stedied o pea
Salluity wan dasage the plan trough i camcic sffect, wisck
i8 equivelent to 2 decreass i water actvity, nough specitic
rexks effects of loes and by disteching the upiabe of esseniial
mmirienes. Cenemlly, ermames and metabodic acievities in plants
are highly bfvecced by bl aassny aod tspe of salls, The
Mall Sines is flan expectd i0 gpdale KOS, The aeflosidans
eezvines per etlmilared. by endogencils or axogenods fhetors, 1o
conmieract the detnimeptnl effeds of ROS. This hos besn
reparied in oo, of plants liks Licepersicon pevalil, Caxwa
A, Malze', Hordeten vnlgare”, Kandalia condel &
Brupulara pomioerivant Omme s, Feaisien olenoes,
Dwiieis carara’, Lubluh perpurens '™, Phasooiur  walperis])
Figra u'za;u.i-ru.'.:nhu, Araciix kypogea'®, Poowm smavum',
chickpea', Guiiona absszimica™ s Brassog fincer!

Einestin s the santhetic oytokcinin which is o plant Bsrmens that
playy o majr node in ewll divisioe sed ol difocestiaiee
Kineten stnmlmes s [dereaced compoalissn of baploid
asecupored in Sarchovwemoes corevisiae™  Kinetin (nhibirs
nuxin induced moting of mung bean cutizgs effectively as the
nlercalaling DSA desnicals proliaviss, sxidine aod ethidim
bromede™, Generably, Kineiln (s used m plasl Gsmee culives for
thir frrmention of caling and ho regeisemta dhoat Tiane frons oallus
wiich hms the bower concenbmition of mmcn, bat it is used for
exopenais applicaion slep. Cylokining dre alse imolved i

shmicing sbictic sress tolesance 1o plasts sxposed w agalns
high salinity and tempsraiune sreiaes.

SMATERLALS AND SMETHODS
Soance of bobezboal material

The se=ili of g miaps GAlvicas Tall-09) were paaclused flhom
the Bszal carker

Crowth and collection of plant maierial

Seeds af Zax map | Afvkan Tall-09) weie poaked ovemight in
mitimes T and =meface genlized aeo day (o 001% HeCls.
The precoaked and sterilized seeds wers then regsominoned
yvdroponically o uerent mlotios coolainiog Smid K303,
nd  CaidNikle ImM  KHPOy  Imsd MeSCe s
enicrmariricnrs: 303RE HROe Suhd iSOy, 10 Cusi, Tphd
(MH e a0 and  1ahd Fago, Afar 3 days of noreal
Hoapglam! beatmess, the solheions with 2pAd and Spbd kmetin
were wEad i lrigabe o ses of plants besides & thind set of
planes withmt Einetin as comtrod. Two mone seis of phats wepe
reented by 100mN] and 200mM MaCl-connining  anhdsoe
mlation, Fionl twa stz of ploois ware treabd wiily 100mdd e
200w MaCT sdded to 2p00 and S8 kinetmn respectively The
apadlings ware eollaviad for leaves froan all he seven sars afer 7
days of Featment.

Pl'l'l.l.l.l'm ol crude exiract
Frozh leaf tmsne wns bomepmized (128, wiv in ee-oald 0. 1M

potassinm phosphste buffer of pH 7.5 an® coussnng b
dithlsthieitel, 109V EDTA misd 1% PVE. The mihie was
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cenfritnged 8 130000pm for 15 at 4°0 and fopermatan sed
fior etEviee fesars

Assavs ol aniloaldan cngymes

Assay of Catalase (CATE T wes esmrand by the mechod of
witdria & ol (20017 The assay mbomre was 4lml Euima
ndided o 1.8ml of 50med polsssinn plesplobe bofier (pH 7.0
eonfalsing 10mL HoOb The decreases in absorption ware noed
nf 240am and quastified from etinetion coeffielent of & 066
mid-! e and octivity expressed e umol HxOz reduced min” g
Viwe.

Acaay af Gualscal Peretidase (EPX)- T oo esfovated with
puiaeal ad mshstmie eeording o the methed of Vithea ar 2
{2000, The assay misiure was O lml exisac added 10 1.9ml of
S0mid potassium phosphae ndfer (pE 700 couainlee 10w
Hid and 2mAS mmincol. The fremation of tetmapnamcnd was
moitoeed by oofing dnceease in absorbance af S70ony and
quanlifed wsiig the eatinglion coeMcienr 26.6 im0 cm sl
activity expressdd s wmed muslacol oxidized min! £ fv

Assay of Supemxide Dismutase (SO0 Activity of SO0 was
dme soooniiag o me moedifed method of Beauclamp el
Fridovick (1971 by moniteriag intbifics of plso-chemical
pednzsion of nitoblve fetraraliom (MET) to pople formazan af
Zidom. Llmninstion of fboflmdn in the presence of OF and the
plecoron. donce mphicnise Seerdes snperokide anlons whick
reduce the MET to prrple formazan,

The 3nd reschon minture couslsoed of 20umd SOmM K
phosphate buffer (pH 785 comfaining Iomdd  metkionine,
[68uM NBT, 0025% Teitow X-190 and 1.5 70N riboflavin, sexd
0.1ml enryme. The asay was carrisd oot by placing the test-
tubez in yellow Light for 13 min Tle amount of methionine-
aEdarad Tonmazas fomed (A was l:‘lh]]}ﬂ.l":ﬂ will amenEr of
foenean formed o the abseges of soavaw (Al Since o unk
of SO 13 defised a2 the anzvme crocing 54 inhibitien of
fonmaean formution, the activity of 30D wes caloubated as

fillews-
Activity (Units/ml) =%

This setivity was finglly reponed @ Uit por mmn par mg FW

Asaay ol Ascorbate Peroxidase. I was eminmled by e
metbod of Mishirs groaf (200617 by memitcdog the e of
azeoebars cmidaten | =18 mad-l ourly, Tha daealy sdviues Wi
(. 1ml exiract sdded to | 9ol S0mb potassum phasphate buffer
(pH 7.0) containing 0. 1lmdd HoOc: @5mM ascorhate asd 0.0 mahi
EDTA, The chanps in abserbance vas monitorsd & 2Mnm and
activiry expressed o= wmed sscorbete exicized mint gt fre

Asaay of Ghutsthisae Bedurfase G was asiayed by oolog
decremse I absorbanes ar AMomo due 0 NADPH axidsiios
(=62 mA ond™ The resction mixture was 10ml S0mbsd
phosplie buffer (pH 7.6) comttnioe lmM EDTA, (5mAd
OGS0, 0 13mh WADPH amd Jimdd MaClr wiih 0.2ml enzyme
T,

Onler Estimstinns

Lipid Peroxidasiom- The lavel of lipie peroxidation in sarphum
beaves vwas deiermsned s Uee amount of 2-dhlebabdurks acid
remclive fubstances | TRARS: nminly nsleodialdelnde (MDA
confent foemed as dxamibed™. 1y leaves were bomopsnized (s
Eml 6 1% trichlroaestic acid | TCA) and centrifuged at 10,000

ppun for D00 e AT 45 T 2 ml sopematast, 2 ol of 10%: TCA
coufilning 36T TBA wis slded, The mixonme wes heated a
QT for 30 mie for formation of ak-colared 12 addecs
et MDA & TBA amd then guickly covled oo ice. ARer
centifogation & 100000 rpm for 10 min e absodkdece of the
qupetfAtant & 537 nm was resdd, and e wedne Soe the pom
specifle absorpitian of #00 nim was subwracted. Thee conrentdios
of MDA was aloudsted valng an extinction coefficlent () of
155 mA ey aibd expressed as nmed g fiw.

Men proteis thiol conteats- The contents of non.pooein thiols
(NPT} were edinoged a8 desedlbed™. Feod il theols was
extimaied by rescfiom withk DTWB  [3.3'-ditsio-bis2-
aittalsenznle acid)] which wn oedocad 10 NTR [2-miro-5-
thabonzede neld] baving absorprion mexioanm o 41 2na

ED0ang leaves were homogenlzed 5 5md 50mdd Tols-HOT buaffer
(pH 7.5} conmining 1=kl ETTTA and 029 Trilon X- 1000 Afler
centifogetion o I20005pos for 20nadiy Deal superistant wad
mmixed] with 1l B2% TCA and mecenirifged sl 1 20000pm &
I0mibe Tov Lenl of this supernatan were addsd 1 Sl methiaaal
amd Olml 00l M DINE by pwilanol The absorkance was
taben 2t 412nm agmins .3ml 2% TCA 0.5ml DW and [ Smi
medaeal contalnleg o0l 0o DTHB For caloulatlan,
eatlretion coufficint () 14,15 mM? e wae used mnd thioks
ware repartad s ponale por g FIRT

Proling Espimamon- The proline o dried shoof fssues weie
esfimaied by the method of Bates et al (LT3, Firs, and-
alphydrie was prepared by wacmlng 1.252 ninhydcn o 3008
acethe acid aad 200 630 citheplessphoric azid. About .52 pla
snmighe was hoasdFenized n 10ml 32wy anlphcealicdie acld
aixl the hoesagenate was filtered. Thes, 2 flkrate was treaed
with 2ml each of glackl sretic acid and acid ninkydrn boiled
for 0 min in water bath, and the reaction was stopped by wsag
e bl The mixnae wis exmwcied wikh 4ml tomene, ad the
abeorbance of fracthan with wolosoe ssplred fiom lqold phae
weag fed At 520 . Proline concstration was detarminsd waiig
calibration oarve and calculated as 2 g devwit,

RESULTS AND DISCUSSI0N

Kimetin is cne of ihe cytokinins known to- signifcantly improve
the growih of crop plant grown mder. salimy® and sodl
acidity™, Cwviokinins are alsc known fo enhanes abiotic stress
tolerance io planis agams high safingy and remperatirs stresses
Cyibinin-ediaied  educitbon  of  seloite-dsioced  powih
inhabition & keown®™ Amd B4 this bessmose hns potemiial (o be
ed exogesansly to eamine feepoiss of & salr siresed plane
5o, looetin was selecied o present stody fior exopenous
application. This sy wen conducted to earry out brisl i wmo
amaivsis of mboxidast eommes behovionr i shonis of Zeg
sy plants For this key sntiesidant viz, cetalase ascorsic
perocidese, mrincel pearoxidese mod superoxide dismuotace were
ambyred in plats grown o fwo BaC] (100mb and 300md)
amd wo kinsgln (2pMacd Sudd) evels with thels combinations
for Talays:

Assany of earymes

Catalase- This enryme from oo maps shoots was snppressad
with intrease in exepenous Mall levels bul stinminted by
sRngeneis kingln levels alope 2= well a5 in both combirsdion
levels (Figure 1), 5o, calaless was very SIDEY nspons=Eve 1o
kinadn Ml madnced decreaso samlise have beon reparted e
ather plants also. Dogan (20121 eaposed zond grows plents to
O wr 150mg NaCl fue 7 cavs disd fodod dedrease in Jeal calalsse
activity of Lyeopersicon escufeniun, Kachow & af (2005

i?
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shiclied the jifleosde of SHT 4033 Co DD VALeLis: of ALLEEY
bortensis by giviog upto 260uh MeCl aed foned decesise i
catabige. Carrsico-Rice and Pleta (200407 grew che maize
plants o 50 azd 100mM Sall siress sl peporied decreazed
calakise ICTIVILY LI FIJ.B.I.I.I' Ao ar 100mM MaCl sireds. Kavas

450

Catalase Activity

Al [2015)" treated two 12-08 ald pearsst caltivars witl 0100/
g MaC o 16 davs and fornd decreased catataie acsivity
in beth. Malc ar al {2005 teaed 100dsy odd alger plasis with
0-300md Nadl for 244872 bours am! repories] reduction in
camhse actviry

b6

= pad

b

M
M=l

Cont=od  1OOHMM
Matl

1k ShCmbg
MaClrdhd NaClh+5uM

Einetn HANETiry

T Lt

K molam Kifatin

Figure | : Chasges in shonot

wl and kipetis (o005 (Frobably significanty; =081 Defnily

Trestment Regimes

1 b | |

‘mdneg Tar) o 7-dey sld Zew saypr (Afirican Tl.—.'-l'}m-h':l;l mndir vastew: regimes off
kg il awly, “p0BoNF (Highly dgnifcasdy F=000 [Dehnively skiuilc asd
Erom 100l Nl Iy 'P'-U.ﬂl THighly sigsifcam frsm IHmSI NaCh

Gilmtatiwlone redwcinse- Enmawe ghimthicne mductnee ic Jea
mayx plant wae (hibivad by BT pslt mrestmeer of 100mA and
HHmAL bevels. GRowas also lmblbiied o case of NaCl o
Einerin combindlos of Fawer contecdration ivel 1!"]E].I.I'E' . A
WAL Siaed il e 5 o Eliseie rradimest wloss a3 well a3
in presaxe of 300mM MaCL So, OR wwe spndfiently
responsise oo 5 pdd Kinetin snd resparsd o almoest comrol bevel
sven in prasence of MHimb Mall There wers fvn other reports
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g 0.6 : in
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Cantma JODsmbdA F0m A
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af Mall mediated inhibition. Beto o @l {2005) grew the maire
plargn in 100 i strass and rportad decressed redusad GR
actisdty I roods of sali-ssisitive peucops amd B0 change (o
poods of salidoiegan penorvpe. Dogan (20217 sand-culissd
toieEney in O-1 500 NelT for 7 dave and need redastion i leaf
R with inoessw in Nall trestment nf T3mbd snd more
Horwever, mapiny of repons are of lsorease.

[
I 5
1
T
I :
-
i o I -
I 5 ekl IO0mB 300
Cinatin Kingtin  MapCle T RaCheS g
Eimetin Himetin

Trealtmant Regimos

Figurd = Changes s choot glubsthinne medectase ac@viny (umoks ¥ ATPH ozi@iasbming g P of 7-day 534 Zea

s (Aican Tall-8a)

seedlings mmder varisus regimes of Ne1 and loivetin [Beo00 (Defnftely sgnificant); wobiil (Highly sanificosd); il (Ihedmtey
il et Brwan 200w Sl )
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Salt stinuibeted GR (neverse Tas alen bes repodled L 4t ber
of plents ke Sossypius Mespam (01500 MaCl for 30
dspay™, Phaesohat rudpards (S ald plascs witls 400m20 Waci
fr 48 loosor=i®, Atrpdex. forierrs (2o0mb] MeCl e 3
mahsf®, Fad baays (21 day old fwo maze vanstes 8
UAOmAML 00w Marl for |5 days)™, dvmeinr fpogas {ran | 2-
day old pessur cultbvaes with 00 300mbY Mol far B&
deyai. chickpen (0-200mg L0 mach™, Srassico fwneea
| 250l Ball gress for 6 honE )l and Folrarke abssinies (-
E00eAT M| fior 24472 howrs)®

Guatscol perouidese (GPX)- This sorane o fex mavs
shoots was imlchited by LO0 and 200mM of Xall levels s
axtarml msadingn bot stiemloed by Sk Bisetia level alose as
axll ma i Bigh amoum milc combination lewels. Tn bork
conbinations of NeCl and kinelin coocentisiion, GPFX acivily

was iticed highly signitseantly {Figare 3 ), So, kivetis wag abla
o decishvely increase nciivicy of this suewee In salloety sress
NaCl nesdisbid GPFX aahidtion baa bean repovted in fow other
plans abe. Canaseo-Rio: aod Pimo {2014y mew he nmize
plams in 50 and 100mM MNaCl siess and repodiad decreased
gmisenl perexidaze acrisity in [hweno cnlrivar bur incressed
activry n Jobiles cultivar. Bana af af | 2002y oubmrsd 10-Aays”
odil camm pleais do o, 34, 107 amd 150 i MNaCl for 4 weeks,
sufi coneenivstion was incresse (a4 shepwise manser with 50
mbd MaCl per day and fed decreased paroaddaze setiviry in
plant beaves in boib DO and T-29 culinrs of Dewcws aorofa
Bamuchanckan and  Vincent (200307 reatad pot culbussd
Capicree o plas with Dlndd, 20mdd, Jimsd, S0mbd
E0masd Wall; sod found dpsificant decreage in aven SOD
actisd ey il 20 mdd Wad|

0.6
b; E
i
> 05 | 2
g i 1
1
e 4
5 o3 +
g D2 | .
2 01
D i i
Cuwidr el EC Db plils GET N | Juil 100w a el Pl
Hall Feailll Lirehn tln-r.'1u1 MACEE2 LA Bal S pM
Kirselin Kirsrmn

Treatment Regimes

Fignre 3 Changes in shoot guaiscel persxidase actirity (umoles teiragoaiacol forssed 'mim g fre) formed of Zer mapr (Ad-ican Tull #9)
s g wider Variews regieecs o Natl amt Minctie. [0 (probably sgaificasty, '=0.01 (Sefinicly sguificants; ‘p0.081 faighly

shgnlfant), yﬂ]ﬁ prohally siamilcoss oo Bk MNelTy,

Szperoxide dismoiase- The mperonide disnustase of Zaq ma
slipods g sfmalated and sipnificadr loeresaes e shom 1
reapanag to D0mhd Well level aa well m kinstia leveh Bndio
mad zheemn the musmecting effect of MaCl an the stimmlaton of
5000 petivity in both comhinations (Figare 43, The pres=y
fiodding in WaCl sivess i5 alzilar to g aober of sarlier epons of
a1t laned stimulation of this epeyime., Mimovs of of {2004
expesed Iwdropomicolly grown plants 10 10OmAM Nall ed
fonnd incressed superoxide dismngnze nctivity in p]a:l:ﬂ:]nuw.. af
Lysoparricon pomelii Agarwal and Pandey (286043 expored
planes to 0, 20, 50 amwd 100 mM =aCl for 7 des s chasved
werease 0 the activity of superonide dimersse in plaot saools

B kgl signENcand Nooss 200mM MefTH

Crpsia angrstifolia of tli Smbd MaCl bl decease ot [00md
NarCl ZFhawg o of (0067 wesfed both the planes with D024
MaC] shea wod fousd incresaed avperesids dimmines ncivity
aof Kondelta cavdel aed Briguera pywaoriezs. Ehosmvine ad
it Al (08T exposed barley sezdlings ta 0 o 400mdd Wall Sor
3 s and found Incsease b superociids dismtaze stivity In
leaved of plat in boch wested varbeties of Fordeon vulpoare
Baymm & al (20141" expossd 1 days oid plaos w150 md
0 maM MaCl fouod increise in beaf sypooxide dismidse
activity of Bhamoohe valgads Yasar of of (31809 trevted 7 pea
cultivary of 4™ leaf sage witly 75mM Maill for 14 daya and
repoted  nereassd  leaf SO0 activity m all of them

i
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Figare 4: Changing i shast o perogide disnintice ativity (U nits in
) gnd kimetin (highty significan) Frai il gl signsseoanty;

i1 ol Zes Mave (ATESeRn Tall-09) tead Bngs ander varios regiies of

":.',p-mmr thighty sianificast frem 00mM SNad Ty 7 014 (definsiehy

kg il ast from: 2800 MNeC ).

Hoovever Ramo st al ( 2014)0% cotinred | D-davs” ndd camat plnnis
ik 500 100 aod 130 md NaC] dor 4 weeks. salt concentration
wag |herense In & stepnise manner with 50 mM MaiTl per day
and fonid decseiaed superomide desmmdess  activicy In pland
beaves in DC-4 fuhtivar but no change in T-29 cubivar of
Daurcwr carpto. Carmmzco-Rios and Pinto (30041 grew the
madze plame la 50 sid IO0mM Mal] strede sed papoimed
deoremed aperanide disnurase astivity ln plant leaves

Astorbale peraxidess- The sscarbale peroddace sctivity was
inereared  contimneasly  with  iDEesEng  eoneentmtion  of
exopenons Wall and kinetm levels, 5o both are $ame s
promeing thds e (Figure 35 1t may be suggesied that plant
relecance mechanizm lovelve & syites that rensove fee radicals
pravatilng the seeumulation af 0%, and therefon neresdiag

LMt
Mald

20w
Makl

Conkml

the reguremen of antioxicative peroxidases viz, asoorhaie
peroxidase. It iz alse proposed that increasing NaCl dress Jead
ni Imeraated HaDn produetion asd level of seorbate perosldase
inerenssd to detomify Hx0n wiich alse icheaning mdr e in
detoxification of Hx0p under high salinly =mess™, Haio
medat=d accarbate peroxddaze increase has keen reported in
legves of Fivobwwsican, pandedll (100mM MaCEY, Lesves of
bardey (0 to 400mM NaCt for 3 days)", Phaveoius igaris
(400mM ac] for 4% boursy”, podal segments of chickpen (0-

ap'l Wachi'®, pea leal of 7 oulivass [75mM RaCl foc 12
daas *Warar o nf 2016 and 10-day ald niger plaoe (0-300mbi
Wal ), O dhe convtrary: Mad| wedbed [nlibstlon of APX bas
inzeq reporied 0 Lycopersioan evcudanm (0 o 130mg Mall for
T daysrt, Zeg stens (30 and [O0mM saltsoessh™ and Dasicus

oot (0150 mM Madl  fa PO dwa)®
T
w

a
l h
2jin Tl 108ImEA HRImea
Einmlin Sirutin Mt 2pRd RoalBiad gkl

Eihalin Kinatin

Treatment Regimas

Frgure 5: CRanges I sheot snorbate perixidase actviy of Sea mayy (African Tall09) seedlings nader varioos regimes of Macl [fp-002
iprbmbly cignificanty; Sl ddefinitet cigmificssd); el (highly cipaifiesniy; Spi ti (ighly cignifiremt from 206ma S ),

a0
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Lipid Peroxidation

In precant ey lowal of lipd  porocidetion  comimssaly
mereasedd stongly by both MeClaod 2phd Kinetin sl cauzed
small inenedds fB perodicanon. Bnd camdbared reatmend shewed

rhal Kansdin n‘angﬂl T |iI?E'|'I _|!I’.'I'{I'H:.-.‘|I||-!-t'| ik lesrar than s
tpdbvidand salt wenled ploms (Flguse 6] Sa, bodh compounds

30

)
L]
T

TRARS Contani
@

10
&
e -
Q : i _\_l
vt TR i 2T
Hacty Ml

icreased peromidaion BT Kinelin was soronger stimmlanr
Accopding o the predous sisdies whose pendn resenble with
pragie gy, i ean ke somgoctad that lipid pacesidutioss was
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