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List of Abbreviations

il haadll
SA Salicylic acid
ROS Reactive oxygen species
LEA protein Late embryogenesis abundant
RAB protein responsive to ABA
Dehydrin LEA D))subgroup si LEA proteins II
R.W.C. Relative Water Content
PeCS Pyrroline-°-carboxylate synthetase
GSH ReducedGlutathione
GSSG Oxidized glutathione
AsA Ascorbic acid
APX Ascorbate peroxidase
IAA Indole-Y-acetic acid
GA- Gibberellic acid
CK Cytokinins
ABA Abscissic acid
ET Ethylene
JA Jasmonic acid
Br Brassinosteroids
St Strigolactone
SOD Superoxide dismutase




APX

Ascorbate peroxidase

POX Peroxidase

GR glutathione reductase

CAT Catalase

MDA Malondialdehyde

HyOv Hydrogen Peroxide

OYe Superoxide radical

eOH Hydroxylradical

L.W.D. Leaf Water Deficit

EC% Electrical conductivity
SAR Systemic Acquired Resistance
NR Nitrate Reductase

MSI Membrane stability index
GPX Guaiacol Peroxidase

LOX Lipoxygenase

PPO polyphenol oxidase

NPT Non protein thiols

GST glutathione S-transferase
DHAR dehydroascorbate reductase
MDHAR monodehydroascorbate reductase
Gly I glyoxalase I

Gly II glyoxalase I1
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DTCS- <288 (e Jo v, ¢ 4l tllas (m-HPOY) ¢ oV, ¥ (3 (Blank) <lidlll pan ¥
el A 3 3YY da Ly Gunay g

3k ity SN ks (e o ¥ edany Cilicay o5 B8 8 (3383 5 e Baad il Ca yy -
LY IS N OY M) Sk

el oY e asdl Jhall die 5 sall Gilidadl) Slgas Apaliaia) o 8 -0

(7)) J88l LS ol iaie dee DA (e KU Ascorbic acid ) s sise caua -

0.5 -
_ .,../\Vx_.,..‘\\/y= ¢
fj 04 4 \,AATe =2 R
3 0.3 -
.Q:) 0.2 -
E 01 -
o
N
m O T T T T T T 1
} 10 20 30 40 50 60 70
-0.1
Ascorbic acid mg/ml =3

gl oY agedsh o Lualaiall g dln ) sSul) paala (e Adlida a0 AT bl dadad) (7)) JS
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Estimation of Glutathione content (G S H) QsSliglsll (5 gina juali o )Y
(Ellman, Y4¢4)

Principle : sl |
Ellman 's ball il anba sl DTNB J slae Jlasiady (35 6ISH (5 gina (ald

¢t S yall 138 Alal aie (Y- nitro  benzoic acid )(Y<°- di-thio-bis ) reagent
Ae pana
Mixed <o S LA o 35 PH=A) gael oy 8 058l K0 45 30 & (SH) Js8
Cildad) Jlea Jlasials ad gl 308 (S 631 Thiol anion J s (sl a5 disulfide
| Siaesili £1Y ase Jsh e S gl
:Prepartion of Solution: Jsllaal) juaad .o

ae © 24034 Trichloro acetic acid (TCA%)_s<l A3 Gllall jada Jslas jan )
ok el da Ve ) paall JaSy a3 pladall el (e ALl 43S 3 TCA sl 00
G e ae §,AY 4000 s Tris buffer  solution (M), ¢) sl alaia J glase- ¥
A s sy Nayv-EDTA =M+ ¢ Jslas e d YV« 4 Tris- base sacldll
ol by JwY o () aaal) JuSy o5 (ki ele Ja Vo A Nay —EDTA a& ), €AAS
() M) 558 HCI paela 28babh, 4 ) s g jael) (s Jasay g

. GSH-Standard 0580 511 ) J slaall-¥

DTNB(®:° di thio bis 33w e ae v, VIA LI jas :DTNB (M+5+)) Jslae-£
. el Jsasll e Ja © & (‘or Y-nitro benzoic acid

: Method Jed) 480 -z

05 3 (TCA®Y)  Uasla e e Y,0 aa gkl Al sl (g a2 (+,Y0) o)
Baal g 488 B )52 VY e v v Ao sy (5 3S all 3 kel dlae (5 s FIN e (o > 352 B
o paliiuaS il aadieg g 438 ¥

.(B)Blank 456 5 ( T)Test )51 cale 5 ddla 5 daudas Hlaal U gl < juan ¥

T ksl &ypul ) i) w310 e da oA JT

B ksl sl ) ki) el e a8 5 TCA Jslae (e et € vl

BT sl G O Ge il il Jslaall (g o+, A a0

sl 8 NG sl DTNB H Jstae (e do vy 0 ¥ (g S0 Y o) sl

£VY 50 Jsb die gl Gildadll Slea Jlenindy dpaliaial a8y fam ol sall cn’ye -V
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Ol Al Ciligall 8 () 9 g1 3,80 55 Oloan i, (3182 el (e 2 35 82ar sise il
() Js8 LS Standard curve (b3l (Said)

0.8
0.7 -
0.6 -
0.5
0.4
0.3
0.2
0.1

T L N e
,AVVE =2R

412nm s dalaiay)

0 500 1000 1500 2000 2500 3000 3500
(ng/ml) Os8bislsh 5.8

S gl Y aga Joh Ao dLualaia¥ g ¢y ol ol ¢pa Adlida 81 A Bl iadal) (£) JS

Estimation of hormones : <U gagd) jafi 1 -y -Y
s Jellaal) judaas |
Prepartion of Solution

b WSy (Yo V)0 Al s Brgun Ad plal 68 5 cu

5958 s Jitiadl G IS 36 (e da) ¢+ aaaiCombination el sl g jall pas)

Oeadoa (=Y )l Aoy Jaday 315 il (e (9 Y2720 )y 5ot gl 2S5 08

L oadaidl cllee L 6l a)

ozl a yad 35S 5l sae @l g HCL S el Giaetall e OS (e Alidiia Caidldd & s Y

pH-

Method : Jeadl 48, )b -

) (g g vy 00 (M s a1 aniS 5 pum: a8 58S 1 sl Tadall e Ja¥ il
RERE

 Glall g el ) i) slal) (e JaY, YO il Y

A hal) Adall ol 555 s (e Agliaal) ) 5 gy SIS0 Al 5T -

. pH =Y, 01 i) il 35kl PH I Jie-t

oL& 23 Vortex e g s Ethylacetate — il JiWU Jua¥ — 3l palainlo

YA ) aasall J)shal) vie ABA GATAA Sl el il 4 glal) 22,0l 45 gual) 4301

el Ll e il (YATCYo8

PpH=Y Al 4iladl dand) 4Ll PH ) Jae -1

. Zeatin o8l caind 38N o Ja((¥ ) B gyl Ll Ly
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. Free hormones 3 sl <l sa jel) Jiai la i o3 Al <l e jed) ) o S5 joaall (g
Blank ¢S cuind JEVT Jaxiad -A
_s oilal) cBMal) b v Yoy
Relative water content : !l slall (5 gina i -

ldge ( Ye)) Sirvastava s Sairam 48y crua ool elall (5 giaa dlay) (a3
Aiaxy o5 (Fw) Fresh weight <ol () sl (e 53 il lail) e A guadall 48 )l ) 5 50
Waaay 48yl ) s A jag e sudall g rde b Y 3adl Hhaidl) glall 8 (3) 5V 028 i
¢A 53al (Dw) (Dry weight) <iball 0350 e Jsanll s Lediat o5 slall (g o 2kl
O G Gl goaV v T Bl m A jus Aol
-2 AV A8 (e il elall (g gine i a3

Fw—-Dw
Sw—-Dw

X Yoo

RW.C=

2 LS Leaf water deficit ol ¢le jae (Sws Dws Fw) odlel &l ydisall (e Casn
: (Y 4AA« Kramer) 4y a8l

Leaf water Deficit(L.W.D)=

sll oWl 5 gina 8 =Row.c. Of Zum
al Al Lilie &z JUall o) (g k) (5 o) = Fw
el oAl ilie aaliall 560 98 = (Tw) Turgid weight s Sw
el Ll sl 3 5) 58 = Dw
sl oY) CJ“"J‘ Gl ) L) gl -~
Determination of Electrolyte Leakage Perecentage(EC%)
Principle :ia—all -9
A 8 Ciaas )l il ol A e A1 oL Al a3yl 538 Jaxias
Alrm il Gl el 5 1R clde A3 8 aaad Ll clpunill Qs JSIA e AR olie
Electrical conductivity 4l xSl 4dua sl jea Electrical conductivity 4l ¢S
. meter

Method :Jexd) 43 )k - ¥
ety Ll (g A gaadal) 31 5¥) 3355 b oY+ 0 © 5 ATy Huang) A& yhall o3 adlis
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i el elally il ye SO (315 5Y) (Washing) <idasd oy Laday o ) alagly odad )
O okl oda cdal jdaie el dua Vo e A gla lia) il 8 akadll 23 Cania
&) g0 g Bas) gl Ay ¥l 8 Caaa g (YV Pieces) 4nkd YV 22y 9438 ) ll Caaiic Athaia
el slally adaill 038 < e 5.l HSa A3 5 Ban gl Ay il Alaleall (e il A
Gl Alis o8l Yaey Cuwd ¢ 48 53l1 35 s da g (over night) AlelS 4L 3aal iy
Aliasill Jles (ECy) The initial Conductivity - aflai¥) b sill Cae
CIRAPHAR I N VR FDR IR PR | FURIE kY] PR ISP LI - B RRVEN |

ey 5 AT 8 a o ) (L8 Ty 5405 ) a5 ) i) 52 040
- ) BBl e ) LY i) Bl e s (ECr) ) Ao 30

Ecl
o =_x\..
EC% To2

A il Al Al s Sl V) = el o) L3S ,Y Ll Al = EC % O S

| ol 8 28151 a1 = EC,

- Ol ey A0 ddua 6l = ECy

liall Blia 5 (e 2 sl g Al el J8 ladall elall Abia 55 Gl a3 48) o SO joall e g
oSl

Stress intensity J42%) 8ad Guld -A -Y Y

calall ol LA&:TJ&E&:\} (\ QV/\) Murrers Fischer 44 yh (s JL@A.;\X\ BA%
- A Aalea)) e s g Agilal) il

Stress intensity(SI) = V- (Ysi/Ypi)

;Qi [GEEN

-

o) € OS5 aleadl s yadll 5 (il J8) Al ciliad) Aaladd Galal) 035l =Y si
25V JS Ay pall 5 algadl A ) e 5 (bl JSU) Al cliel) dlalaal Caladl 5 1) =Ypi
(Gl
Stress tolerance index Jga¥) Jaad Jula (uld 4 V0¥

Az pall pe g dia peall dglull Sliall (e JSI Stress tolerance index (STI) wlua o
—: 459 (V99Y) Fernandez olee cavn a5 VE 5V (S 45 5all 5 dgadl

STI = (Ypi xYsi)/Ypi'
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;Qi [GEEEN

-

.Stress tolerance index aga¥) Jasi Jila =STI

o) € IS A5 pall 5 Meadl A jrall 5 Ailail) ilisal) Alabaal Glal) 550 =Y si
J(Bobadl) a2V IS 4 g sall 5 dea Dl A jaall e 5 Alall cilipall Aldlaal il 55 =Y pi

s paabiall 4y giall dpuadl) poaliy o LY NV
Coa L Glall s Gl (Ao (Ao W) e ABAN 5 400 (558 5 6l1 (& jealinll 028 a8 a3

Jlanindy )58 Qg pad g o (T0-V ) Bl da o (Al S 08 (8 Alall il aida
A5y Hh Jlesinly Cranms o0 faps 400l Clisell cuisda 5 (Sartorious) g 5= ol O Haae
s 5 (3-S5l HCIO: €by )5S 5l s HeSo:e el ySW (aal s Jleatndy cada jll aiagll
- SV jualiall oda 5085 o3 6% ¢« (Y4V4¢ Parson s Gresser ) J8 (xS
. (VAAY o5 Al s Page) MicroKijldal jles Jlenivl -2 N g g A0 )
Jhes Jleaialy el ) KUl aala g s 5T land 5o Jlantiny ) siudl) 508 o P ghusdll ¥
¢ Black) _siw slUAAY (s 5w J b (e 0 5185 g Spectrophotometer (s sl —iladadl)
(0 aAAY 4@}]5 Page)s (\ 70
L& Flam photometer «xlll (nl Slea Jlaxials p sl gl ja@i a3t K p gl gall-
.(\ﬂ/\\') QJ‘)'ABPageg?_%JJj
Atomic Absorption M) caphall Galiaicl e Aol g0 08 ai-; Ca a gl €
( Y47 ¢ Pratt s Chapman ) 830 5l 44 ,hall 33 5 Spetrophotometer
M 2SN pmic (Wl A3 Hlay paiall 1 38 a1 -: Mg pgpeniiall-©
2 Oal gl 4y pial) Agaadl) pali VY ALY
OACAOAC) Yo x paa il = s ,l1%
¢ pabinll g gina uaRi )Y JYT_Y
-1 Ay Asbadl Gilea il 8 (il pake) palinl) o2a (5 sine i
cal G slIx il 3S = jaiall 5 sina
sl 8yl (g giae pali VWYY

(0 48 g gl A5, slal) o Laly @l 5 ¢ Aalae JS ) 380 (e )5S STy (5 5ma 08
.(Y42)) Bragdon J3
s g yaall gall) cilia -V £ VY
S e Se dS (e il ()  lil) 5 ] (a3 2 () i) @ LS ) o ga - )
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Jaxdl (3 yha g ol sall Gl Jaadll
0 T35 s 3 R0 50 A n g I A8 iy o8 o e
e dons sl s 5 (55
JS e <l (V) 52 g sl lilill G315 5YT 2o Gl 232 el 3 6¥1 a0 Jau gl ¥
e Gl aae aradiy aal gl cilall GBI, 591 sae 7z Akl Lgia g Aalaall &) S (e S
Rl P | KPS
Al o JlaiSh aie JEal) il 48 ) o dalisdl Cod s (Y aw) Ao o) Aalicall Ja gia- Y
x Ul (] = (Vo) 0 Aaladl) AV A Canny (% ) ¢+ a3l ) Al
.(Y9YY) Montgomery 4% skl "E 5 « Yo x e bl
Vouon /LG5 aae x (Taw) Bas s daliall b = () Bas g 2al ) bl i ga
g sanall Glall o) ol Gl a8 s (el a8 ) (g ) £ geaaall bl ¢4 o) das gia- €
ey 53 5 Juaalall in ey ol 5 A lelaall ) 580 (e 5% IS e lilii(1) J g uadl
2ny L 31 o8 (g il g sanall e g3 & sendl 5 (i) jall Jasd 2ay 5 31y sY1 5 Gl
Oxaly pegadaal g2 Vo103 ) ya da jn Oven (SheS G (B S g5 4855 ebsST
053 b sie @ A0l o5 Sartorious g 53 odbes O e Cliall (55 Namy a3 0 55l gl
& sanall Cilall ()55l 21 a0uY Glall sae e A e (a2 ) g madll & sanall Calall
) gl clall g puadl)
;43U 9% g Jualad) i pipa -V 0 S LY
JS e AlL(T) gl el KU & sanall dlal (e dlies &3 1 b, pand] ) 330 Jan gia - )
L (1) o o Aalaal) ) S 00 S
SIS g sanall aladly Jiaiall Jass giall syl (e adben a3 il o g 382l J g Jan g -Y
Lase o Lo guie dlabeall @l 5 Sa (e )Se JS e (1) pasil e J) kY
5 3 Gulaal) ddi ol e alaie W) A (e dlisiad o3 ; el af gagiadl 03 - Y
Lulis Sartorious & 5= G- Ol e o552l 05 el Gl 81 o giall alagl 8 (V) A8
(p8) B
A Taadly o i) lasial (e g g pal) plad uld o - il o g g padl ol o gl €
(A58 Vernia ) 4@l da) g3 4uld iy ¢ oDl s )5Sl el jadll ol gl
Alalbaall @l ) 58Sl ) K S e () ) G gas Taliaay o @il a8 A o0 g0
Sartorious g 5 O e Liys A v 2o aiy gaall (e Al pde Cilie Lgie 3A
(Kernel) & 855 o g a5 yall o goal) Jay 58 aay 2 cilad a8 gl 6811 ) 39 dana 90- 1
4335 o8 a5 (ear) o i pmd) A S daliiie Lo ghuay (o gaall Al g Al 531 ¢ Jall 8
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ke ol L eia gall A Tanally o gial) Cllasia) a5 ¢ Ol pally
c o e @il (1) d daalall () 5 dendy ddbia &3 -: (a8) @l / qigaad) Juala Y
L Aalidll ania B ) samnall Ll ()35 ey (bl o) (o sl sld) JualadloA
A sl Jualat (Gl + G151 JAIKH &la) saldll () 5 Ganaly 31 5
anll Jatast) vn vy

( Anova) Clill Julai A yla Conny 2318 A5 el lieall Lilas) il Julas (5 ]
O Gl iy 5 Bliad) ALalSl e Uadl) pianaly Jal ge A5 Alile 4 ja3 lghaa i
L Yo+ © Jlaia] (5 ginse 2ie (5 sine (5 B Jlantindy COlabaal dpfasal) illans sial

lall e 8 ol 45006 aa) Jiladl G g il ) A ylall 45l 51 5Y1 caca je —;) ABadla
(s lilaaY) itlil) dua s/ o3 S Addlae 6 ot Sl (5 kel
0l 3a¥1 Bas 5 / (5 skl Calall 4 / Al daela & ) sl cailadly Jasdl 2320 Y Aiadla

A< jinall
sl iy Ny
Materials 2 gall -V-¥-AY

Equipments and Instruments <xall g 3 j¢a3)-]
AL g Aniiaadl A8 pal) and pa A jal) & Cllaniaad Al 4 pidal) Cilanall g 5 34281 s 1(Y-Y)d gl

() driadl) 4< 50 Steadl and &
BioRad (USA) Miniopticon Real-Time PCR |
Fisons(Japan) BAPEN Y
Eriotti (Italy) eSO Y

Gallen Kaamp(England) fla ¢

Concord (Lebanon) a6 °
Gallen Kamp(England) SRVE PN ™ 1
Memmert (Germany) JPEIDYADEN v
Biobasic (Canada) sl & gl A
BBL/USA R Ae (s q
CYAN China ook Ve
Bioneer (Korea) (PCR) < sl Jlea B
THERMO (U.K) Nanodrop spectrophotomerter VY
Bioneer (Korea) Exispin vortex centrifuge VY
Eppendorf (Germany) T oull 556 5m 5  0 e ¥
Eppendorf (Germany) YerdenagYaYeu g0 alaaVidigy clale | V0
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Sl Jaall

Kits a2l - o

LE0) Al g dniaall A A aned pa Al pal) 03a A cullantid Al 330 s (Y -Y) Joaadl

Latal) alyg A i 430 5%a Banl) and &
Bioneer Trizol Reagent )+ +ml Kit AccuZol™ Total RNA Extraction \
(Korea)
Bioneer RocketScript Reverse Transcriptase (Y| AccuPower® RocktScript RT PreMix Y
(Korea) ox Reaction Buffer () x)

DTT  (*»Y°mM)

dNTP  (Ye+ uM each)

RNase Inhibitor ( u)
Bioneer Yx Greenstar Master mix Master Mix AccuPower® Yx Greenstar gPCR | ¥
(Korea) A Well strips x VY each

DEPC —-D.W. Y,Aml x ¢ tubes
BioBasic DNase I enzyme DNase I enzyme set kit ¢
(Canada) V+ X buffer

Free nuclase water

Primers <l -&

Ll Maize B-tubulin O oalall J sV dul pall 13 8 Lol e (e 58 Jlesdianl &

el g dul Hall oda = LAkl sl arasal ad ¢ Actin gene (’M‘ ol ald S L",,_xl:l\
aranai el 1 Jlexinls s NCBI GenBank Data a8 50 (e Otinally palal) aliil) Jlasinly
Jsda B LaSay ) oSl i i 4S 5 8 (e lalll 038 jpga3 a3 389, Primer plus <ball)

(£-)
Primer Sequence Amplicon size Genbank Code
Maize F TGCCGTATTTGC Y¢4bp NM_+ NI VVAAVY
B-tubulin CTTACTGC
gene R ACAACAACAGAG
AGCGTTCC
Actin gene F TGTTTCGCCTGA YV Ybp NM_«+V1eeivay
AGATCACC
R AATTGCTGGGCA
TTCGAAGG
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cibiibaal) &

Ll a5 A8 5l ansd e Al 50l Alaniusall Al ol gall pram g2:(0- Y )mm 2 92n
No. Chemical Company and Origin
) Ethanol BDH (England)
¥ Isopropanol BDH (England)
v DEPC water Bioneer/ Korea
¢ Free nuclease water Bioneer/ Korea

Methods Jasd) (&l -Y-¥-1_¥
(reSadl Fladiudl) (asl) Sdad) cB gl B o palil) Aludes Jolii jand ) Y_Y_AY
Quantitative Reverse Transcription Real-Time PCR (RT-qPCR)
ol A (el i) S il gl 8 o yaldl ALl Je s yand ) sl a3
Gene il yuetl e e 3V (MRNA) di sl (5 553 il all el el sisdl
8 alaie (aaS (B-actin) J) o Jleativl o3 AIXS ((Maize B-tubulin) ol expression
€YV Ve O35a0s Kakumanu) diob coea Gand 13a ¢l pal a3 tal) el (Lol
Ay @l ghall LS (Yoo Yegsals Oakley
Total RNA extraction 804394 galeal) (adai) |
U= el Trizol kit J) sae Jeainls eld g Total RNA 55530 padlall padlaiu &
s lall 8 LS dadl) A8 0] el v oSl gy Janll o5 5 Gy oSy s 35,5 (U8
:3\-)3;21\
O J ) A8l ciiau g Jild) Cpa g ity Adaleal) 3,000 <l (315 5l e akde Yoo 2AT 20
.08 3aal Micropestle Jwxiuly s Trizol ) Jslss
Yo sad cua’y g clisall (e ate S chloroformd) Jstas (e il 5 Sile Yo v Chdual oy -
. vortex 4dawl g1 4380
s )+ sad i) b ) Gl Y
AGENo H ) Ve e de pu 4By ) v Baal (g 3S pall 3 pkall Glea 8 il Camia - §
Ledl carai g micropipette ol g2 o3 o pai) 4 gl ) (A8LAN) Lilal) adudal) el o
Al &l je 0- £ 4y i) Qi g jsoprobanol alcohool (e 4q sbudie 4ueS

CALEY Y v Baad Y e ol e da oy cliell it T
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Ca 3955“! ;(,_",44:\33\ . 33_454.3#)\5)}3 YY oo ~é)$)d\ JJ-ES‘ ‘)L—P@‘;’L—‘:"J‘ Mﬁ'v
ALl

pellet s siall 23T

Je e z 4l Jee 5 %A+ 3 Sisethanol  alcohol G e ) i siall Capaal -A
oalaill g 4885 0 Baal 48fiolo ) g2) Vo v v Ao (5 38 yall )kl Sleag laddll sl o5 vortex
pellet e yiall 32’y U (e

sadall Lds @lld aay 488y ) Baal g a (00-T0)Ad jall oyl ya A jo 4S8y o yilal) cada-9
p -Veela sy paldiudl RNA 55

Assessing RNA yield and quality s s/l 59530 aalal) 8 gl g 5858 (b -

Shea dlestind O e sy cllisall e paldiand) RNA (55581 paelall e Sl o
o5 3m 0l (5 9 il awall 3S 53 aaa3 e 3 g Nanodrop spectrophotometer =la
sy A alaia¥l Be) 38 LA 5« RNA o paeall 3@ uld s RNA ng\ul
: Y il e (YT4/YAC nm)
RNA ¢ 5 @55 asladl (uld i JLial &5 Nanodrop Jles dsndl ae =)
e e Adine ol s Sae Jlexinls (ddHYO) e s oSile ¥ i o @llag Sleal) jila oY
(ligad) (el o (31 Jlanils 8 58 U Caulatiy o 585 Lgaa g sl ol ) 5 ubilall 338

e dS e il s Sae) Jlantinly &l s RNA 3S 5 (uld dddee cadd 0k L)) e Jarally o 85 - ¥
Al Gl (5 5a0 3 e gl Gabiiall 3 3-8 ) oty 0 685 4 e g palaiisall RNA ) e

s AY

D ke Apabiaia¥) 3e) i paldiuadl RNA J) Slie 555 paaiol - ¢

vadall o) s (Y14/YA v nm) Gus 5= (il b (e Nanodrop  Spectrophotometer

(V1A) (o Apalaia¥) A (S Latie (&3 yiiny paliivad) RNA 55

s sV 55 5l Gadlall Galdiie dlilas o3 : DNase T Treatment a: b dlataall -
2 DNA 5553 (aalall LlE e galaill lb g DNase 1 treatment Jlexivh RNA
(-Y) dsas LS a3V o Jae 445k e dlaie Yl @lld 5 (adaiunV) dlee

Mix Volume
Total RNA Y+ *ng/ul Yeul
DNase I enzyme Yul
Y+ X buffer tul
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DEPC water cul (-Y) Jdoa

Total Yeul

ol sy g @iy Ve baal aTY 55 yada puaialall 8yl Gias a5 @bl aay
Gl e Bad s 1o Bl a ds Al sleall sy Giias s EDTA J) 33l (0 il 5 Saa)
Y Jad Jani elld
-: cDNA synthesis JI gival 48 b -&

oadall clie e DNA H JeSall cDNA (5558 palall et 44 jla Jleaind o
Accupower Rockscript RT Premix kit 32 Jleaiuly paldtiudl RNA J 5530
s (o8 LaS Baadl oo 48yl o Alaall 038 o) g g Ay )5S s 5l 4S 53 J8 (50 0 gl
:(Y-Y)
:(V-Y) ds

RT master mix Volume
Total RNA )+ *ng/ul Voul
Oligo d.t ‘ul
DEPC water dul
Total Youl

Sae ol L odle ) Jsaall L3 @i,S5 I RT master mix g e b sSa 2dlia) o3 el aay
»3 (9 Reverse transcription  oSall #luiin) a3 Ao 4yl s cDNA synthesis
4w vortex centrifuge (Exispin) g el s S sall 2kl Slea (8 iVl paes Camaia
Thermocycler )=l sl Jlea (A iV J85 o3 elld 2y 3382 A3 82 Yo v orpm
Jwe 45 )l i cDNA J) sl Aleal 4 ) jall a5l 3uki oty (Mygene. Korea)

{(A-Y) Usaa b LS 32al)

:(M-Y) do

Step Temperature Time
cDNA synthesis (RT step) o.°C \ hour
Heat inactivation qe°oC ° minutes
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Jasdl G kg ol pal I il
. Real-time PCR uasd 8 ldlaninl (uad“a oY o da oy aball cilinal) s clld aay
Quantitative Real-Time PCR (qPCR) uaai -

el (5 e 2aal GBS 5 3 52l aaladd cDNA JI il qPCR ) pasi ¢l jal o
Liladll (pall M3S g Maize  B-tubulin gene ¢»=! Gene expression level (—ual)
Accupower Yx Green Star qPCR kit 3ae Jleainl a3 & Actin - gene (bl
¢l ) Huladl drra o s glall s pandll 138 o) aY Ay )5Sl 0 gl AS 58 J8 e 0 el
;s WS Real-Time PCR J! Jlea 8 daduaial) cilinldl ae Jelas i

B-tubulin iy clia qPCR JelW gue spaniz(V-9-Y) Jsaa -(a

qPCR master mix volume
c¢DNA template Y,euL
Primers (B-tubulin gene) Forward primer \,Ye ul.
() *pmol) Reverse primer V,Ye ulL
Yx green star master mix Ye
DEPC water Y« uL
Total e+ ulL

Actin genes bl Bilaal) (pa qPCR Jol g ja suaand 1(Y-9-Y) Jsaa-(b

qPCR master mix volume
cDNA template Y,ouL
Primers (actin gene) Forward primer V., Yo uL
() *pmol) Reverse primer V, Yo uL
Yx green star master mix Ye
DEPC water Y« uL
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qPCR step Temperature Time Repeat cycle
Initial Denaturation de°oC ¥ min \
Denaturation de °oC Y+ sec te
Annealing\Extention Detection(scan) 1. oC Y. sec

Melting 1e-400C +,9 sec \

Real-Time PCR data anlysis <ty Julas 48y )b
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Absolute  48lhadll 4 Sl g Relative  Quantitative 4wl 4 Sl 71 )33 0l e
(= Quantitative
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V- ACT (test) = CT (target,test) — CT (ref, test)
Y- ACT (control) = CT (target,control) — CT (ref, control)
Y- AACT= ACT (test) — ACT (control)

¢- Gene expression Ratio = Y-CTAACT

eyl Julasl) ¥_n v

LSD One way ANOVA J 44 jh Jleainls Wibiaal all jedl) z505 Jalas o5
Statistical Package for the Social Sciences gebin +,+07 Jlaial s st e
(SPSS)
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Summary

This study was carried out during spring and fall growing seasons of
Y+ VY in Alfayadah district —Alhindiya Kerbala governorate to study the
effect of different concentrations of SA within two period of irrigation as
well as their interaction on some morphological, physiological, water
relationship ,yield and yield components and some qualitation
characteristics of seeds and leaves of maize plants irrigation treatments
were Almaha , Buhooth ,Fajer ,Baghdad and Local .

Factorial experiment within randomized complete block design
(R.C.B.D) was adopted (°*Y*°) for SA irrigation and cultivars
respectively with three replicates. Means were compared using LSD at
+,+2 probability level . The ‘st addition of SA was a foliar at ¢-° true
leaves stage and the Ynd addition was one month after the ‘st one (°* Zof
made flowering ).Vegetative growth , quantitative qualitation of yield
were measured. Biochemical and water relations parameters were
determined . In additiontional of , some variables of the genetic material
concerning B- tubulin gene of fresh leaves were also studied by using
real time-PCR results revealed the following :

V-Salicylic acid (SA) at Y-+ and ) * *mg/l gave a significant reduction of
most studied physiological parameters giving a percentage increase in
total Chl. and total carotenoid ,proline,carbohydrate, GSH , AsA content.

SA significantily affected on some water relations parameters. SA at ©-
mg/L gave increase percentage in relative water content(R.W.C.), the
higher decrease percentage in the L.W.D.

Y-Plants hormones were significantily influenced by SA higher
percentage increase of IAA, GA & Cyt. during spring season at Y+ + mg/L

Y- Flactuated effects of SA on vegetative growth percentage were
observed SA increased the plant hight at Y-+ mg/L SA during spring
season, whereas it decreased the plant height at Y+ + mg/L SA, an increase
in leaves number during spring season at ¥+ + mg/L SA an increase in leaf
area Y++ &+ mg/LSA for both seasons respectively. In addition to
increase of the dry weight.

¢-SA affected on the yield components . It increased the number of ears
during fall seasons was observed at ¢+ mg/L SA. The diameter of ears at



Y+« mg/L SA both seasons respectively, as well the weight of the ears at
the same concentration of SA was increased for both seasons
respectively. Higher weight of Y+ + seeds was found at )« + mg/L SA for
both seasons respectively. The dry weight of vyield increased at Y- -
mg/L SA.The biological yield was also increased for both seasons
respectively.

©- SA significantily affected on some quantitative parameters of maize
plants .The protein percentage was increased at ©+ &+ mg/L SA for
both seasons respectively. N was increased at Y+« mg/L SA for both
seasons respectively. P was also increased at the same concentration of
SA during fall seasons only. K was increased at Y+ +& Yo+ mg/LSA by.
Ca was increased at ©+&Y++ mg/L SA. At the conc. of SA, Mg was
increased for both seasons respectively.

1-Increasing the irrigation intervals,total chlorophyll content was
decreased for both growing seasons respectively. Total carotenoids
content during the spring season was increased by¢,Y1Zwhere as it
decreased during the fall season.Proline was increased for both seasons
respectively. Carbohydrate were decreased during the spring season &
increased during fall season GSH was increased during the spring season
where as, it decreased during fall season. The percentage decrease in
R.W.C. for both seasons respectively. Increase percent in L.W.D.was
%EC.% increased during the spring season .The percent increase of
ABA during the spring season while it decreased by during fall season.

V- Increasing the intervals of irrigation for v to ‘¢ days caused a
reduction in most parameters of vegetative growth . The plant height was
decreased for both growing seasons for both growing seasons
respectively & for the dry weight for both growing seasons.

A-The yield & its component were decreased due to Increase the
irrigation interval. Ears number were decreased by for both growing
seasons. The ears diameter was also decreased by for both seasons
respectively. Ear dry weight , Y+« seeds weight , yield weight & the
biological yield were decreased by for both growing seasons respectively.

1-Most of quantitive characteristics of maize were decreased as the
irrigation intervals Increased, Oil content was decreased during spring



season.Proline was decreased for both growing seasons respectively,N K
during the spring season for both seasons respectively.

V+- Maize cultivars showed fluctuations in most studied parameters
between spring& fall season.However, Almaha cultivar was superior
among other cultivars. This was predicted by the genetic results mainly at
Y+« mg/LSAat the v days irrigation interval.

VY-Genetic study by using Real-time PCR revealed that plants treated
with Y.+« mg/L SA at v days irrigation interval during fall season were
the best in terms of most studied parameters. Moreover, PCR technique at
V¢ days interval of irrigation revealed. Asimilarity between Fajer &Local
varieties is giving the highest values of most studied parameters, at )+ *
mg/L SA,Whereas, Almaha, Buhooth& Baghdad varieties showed a
similarity in giving higher values of studied parameters at Y« + mg/L SA.

VY-The interaction between SA & water interval showed a significant
increase on most studied parameters concerning vegetative growth , yield
& its components& its quantitative parameters,The interaction between
SA & cultivars significantily affected the above mentioned parameters ,
The interaction between three factors markedly the above mentioned
characteristics.
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