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1. Vetiver grass, Chrysopogon zizanioides (L). Roberty
2. Poaceae

3. Salicylic Acid, (SA)

4. Ortho hydroxy benzoic acid
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mg Chl/g FW = [(20.2(D g5 nm) + (8.02(D g3 nm) *
V/G x 1000 ] x1000
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6. sulfosalicylic acid
7. acid ninhydrin
8. folin-cicalteu
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1. available water

2. field capacity

3. permanent wilting point

4. Theta Probe (Spectrum TDR Inc, USA)

5. Spectrophotometer (Analytikjena, Specord 250)

« /‘J)L:JZ' i

\WA% b m Yoo led m V4 0 g0

oy



O Kad 5 (5,20 dozes

odt_‘,»\cla,ﬂ);gwru:ﬂw,wﬁgi,@\
Sl olize s slabas o SSls Oga3l dos
Il s Dl don s 53 Ol 0l 5 A
glie o pl 3550 53 5 Cpents 5 alie als

Al esle LT Sl

4y Job g ookl g alyy by 1LY
el 5 aiy, SCis 035 Sl o oS i
St 05 dewl Shedles 3 8 s 0 85555 ol
55 ezl als Ll 25 Ll 5 e 1y e lestls 5 et
Ao Tkl h e Ll el ) S 055 555
S8 L k) dob opamen 2 Jlaline s 53 O
s 33 D Ol a8 b e ool Sl
LS 5 IS GRS GRS ea s i 6 5L R
JK8) A hsbiae oy b Laaly s ) SLJLe

(5

e 3l L 3 L Sl il (sl (5,8 65l
LYAT i eslinad el SIS 5 sl

STl 55 Bls w50l G s hloms ) slaten,
VE Cdean pdaie OF 2 e Yo s s eddaned s
S S gl ¢ L 03ls 3 S (g5 el
sl Sialesl sla ) 0T 51 g o (68 03101 J sl
St 3 85 G s adds T kw453
Jdoes S Sl sl Tsame (S3UT (slas 55 0SS o
B P R NPT S RUN-ARU RN S r A L3I
P RN COVIN W NI J P W | ol
L Waosls bl BT [FA] di alons o3 0 slad sl
Loglie gl A pLosI SAS 913 i5ile i Sl eslin
Aoy 0 ezl e 53 (STl O3l 5l e Sl
A eslanad

YL R
Skl Bl BT Laesls ity & s bl

S8 5 S5 Pssm S S5 el Sl 5 s 53 O Ol 1 Guills & N Jgder

R BreN)
Sla e Sl

o . _ Jdsb EGENEY SES 05 FEEN
NCEP _ N S X _ _ _ : St e

R Loy UJL\‘.,"L-:' e LS;\)\
IR7AZ SR VL /) SRR TRR RS VNS 71 7 S YAV FEE YVOANF Y oo s 3 ol
./YY,Y*'“L‘ f;/.oﬁ ./Vviﬁ% ./\ . Vé}‘é&‘ Y' ./.r,i% \ '/\VV-}HE Y R ./YY“‘ Y J.c,.,,‘ ;“ N ILW
B % s s 4 - X o 3 uT

A8 A EVER VIRV VAR L S A 0 AAZAN YYY/YT ¥

Lol Sl
/Y Y/VA YIRS (YIRS ¢ VA V/YO Yo/q A o
\/50 £/04 V/oY \/VY Y/YN AVAR ALd - (1) Ol s o oo

Loy /0 5 ) Jlaxs Cla..ﬂ 03 bl ol Sas e p ek

Jlslxe 6 s

& ]/306' Ll

\WA% b m Yoo led m V4 040



SIS 5 s o e 858 (K5n i 5 (RS PSss S Sns n del Sl I

140 -
2
5 120 4
i‘} 100
s} 80
j 60
>
5 40
20

Yo

Al

()]

PRCE-EANE

D
o
1

a OSA0OMM ESA1mM @SA2 mM

Lig

b b P

20

(1) o ss J6

b slanSle K5 2 55t 550 s ol By 5 o5l S5 055 del Sl 5 M08 35 HS08 ) IS
las saasplis Lhwf;@a 9 S350 bk 0 (STl S0y Ao ys O JL«:;-ICE.»-); Slabas O wlin Gy >~

sl 3]
60 - 60 -
a b
Y 50 I A 50 2
3 i 3 ¢ i
I I 7wl Ay [
£ i E e
S 304 sl =30
20 e 20
\ Yo ¥ A\l Y

(1) oo jons o6

MM) dol Sl

N gl Dy b sla Sl JSE 2 45 ¢ S 5505 oS Ay, J,bﬁdirsu;:}.x,ﬂt Sl F1LY S
ol 3l glas 530l b Kile (555 63908 bl 3,105 SSls O ga3l Ao s O Jlez g 53 Jlalas

Lyl i o adyy Job 0] &S el 1 olS 5L 5,5
ﬂ\ﬁ\ﬁ[\"]ﬁ@ﬁ}:}[o] a)'ja oLS): JJVS
J\:_.A\WLA)JJ‘)SASW‘QM&)‘J;W‘@L{'
ﬁgd)r.:'b B .J_Aéﬁ J:",,‘jﬁ\ b }1""3'.'}) V_"‘Jj g./.:jl.'ﬁ
Serlw b s olS Sl S| sl oly s ol
a_..':ijh,,;'-l.i&.i;'-;;j) B s liodalie J:.il)_e\

Sl Sl 5 08 Sl s s s w0 OIS 0 )
Lol Sl 31 05 g Slsloe o 4 a5 Lsls

J_LLLJ‘)W“)QM)JJEAM¢&QJJU%]JJJJ

3L s Of Ol SRl L oS el o 55158
2> el oo alS Al A5 5 5 5 Ol olS
055 oA INT b o S2alS 55 olS it 035wt
S PR W CC 4] S TGOS Sy RN Pl i
ot sdalle 0 A pler 5 (SLaS s fab e
YV el
OF ol 5 ol 3 5 ol ol Aol 2 3 4y
Soll Ll 5 55 OLaLS slaaiy ;) 3,05 slodrs ool
R e ,Lijd\ﬂl)Sl}wridLAqY‘JﬁS
s sy s iy
Ol vy p o Ul b o a5 S o i, St

iy, of S5 bl s Ll

« /‘J)L:JZ' i

\WA% b m Yoo led m V4 0 g0

AN YA



O Kad 5 (5,20 dozes

s 3 ol doys Bl s Les sl Al b IS
sl el Sl Vo e ¥ 5 o
(7 JS5) A5 sdalie Slsline
23 e Sl S 5l G OLS s by IS Ol
Sk s gy KL 5 gt b b Lis
Sl smn ialS gl a8 LY adas 5100 ] ol
e OlpS e 0l e (2 5 s s IS
So ol 5 Tl 5 IS lady SO sl s 5
5 03eS) I sLas S el Lnslil 1 s b IS
e DAL 58 o5l D5 S T cdles 53l
Sol o slad ol LSl (Sis s S s
(Jis S Sl el gs Koo 5l e el Jd IS
BESIEE JUIIEpL rij—ﬂ 5 3LS Jeb 8 rﬂ)ﬂ D)
S U et Eoel a8 ol ploS 25 Ll
Ao 3 A s e e i (SIS
oalS [A] 5550 axlse Cussdome b L35S s
s 5 3 (Y] Gl I ey S b5 IS Ol

el 0 aﬂméﬂi}&ﬂ;‘)ﬁ [Ve]

1.6 4
1.4 -
1.2

0.8 -
0.6
0.4
0.2

Jd5 4S5 (mglg FW)

e G s A SIS Sl s 8
s13T GladlsTsly ol 53 oS ey olys5 05 VL
el 035 5 55 (OS]
el Sl 5 2 5LS 08 5y s 2
S 5 58 Ol 5 o slad 5 o (Rl el
Lyl d s i ol o el 5ol Ll LS
Sl cn G LY Kos 51 [YA] ds ()08 o5
3 Gme 3l g 5 T s s oS A Ol
03 s 650 Sldalie [Y4] ol esle opl 5 58
3,8 s sl 5 aly ) S, Sl LS
et [TV XY A] 55l sl Sl
Olals 5o 1y ade b ol wndl 5 el Sl
el by as aas il SHV] pasS 5 V]SS

S, cglhe ol s okel sy

5T g Ol yae TLY
oAz 53 D Olpn SRS L S IS L35 JS Ole
Sl 5 LS el fals bl Loy b 3

S b LoSile JS p 55t 55585 ol Sy 55 IS Ol el Sl 5 (S 25 S en p ¥ JSS
3 ltul glas saasplis L“gzg“vf 90 $3508 bk I STl by)'i A2 3 0 Jle| da.u 3 ,lalias O wlis

. ]/3@6' i

\WA% b m Yoo led m V4 040



SIS 5 s o e 858 (K5n i 5 (RS PSss S Sns n del Sl I

Y o) oo e s 53 Ol Ao s Ve Ll s
Yoo ,lS Jscslh s slslee ool (,.A)del?a
el oS i Ll 53 sl Sl Y5 e
ol jled QLS & o (gobslme ssba |y S oS
(F JK3) das 2l

03 SES 4 Celie b s s sl aly
St bagrlps Ol o ol glas bl OlalS
2y o Jh sLid 4 ol e O 35S
Oy il ol s SO i ol 3l O o
S RS A Gl L e o Sl e
LR FCR I P N o § R PRSIy
N GLICsl) 5 5130581 o LS 5 ez 5 W 5
o 3151 SISl 5 353 00 25 o OLaLS o
ladedsind i Lac il i) Sls 5 Julesly,
oo slie bl s id 50 e sk e
la o ds sl o535 e Ik sl 5 Bl o se
S ol oS 5 s e sl O 4 Jsbe
L7813 5

dﬁ\:ﬁz(%)
&

| osaomm  @sALmm

53 el Sl 5,08 ol s il wlis
L 25 S S SR e SeS A ils
Cdl iy 25 (Sl s S S A (sl gie [VY]
Glis el cow S Jalge 550 e IS
25 i o IS Ol Rl 03 05 0 Dy IS
53 2leS B 53 G S Il 4 a5 L IYO)
Wl Jolw glid @ cunl saas0lis S Jilesl ol
il e IS Ol 2alS 1Y 51 S Yl
Sladlas 53 3 b ool e Laeudl g IS lis
o ool Sl s el Sl A8 4 il
ol 0dd oL L gl SRl s Jske slalis
S lS G Sl G 5o s S VY AT
sl Je 3 IS Ol el AL

PRGN A
)b\)udﬂugﬁw" *dTVSJAJLJJt}d;A}})‘JJ
Fooslasled o sls il olslas (g sba oLl
)y}_‘&?‘\ ASL;LQL_:S/&:{‘U»}«J)J%)IM)JV')

G-L—o:».;)l.&t; QL_AL;}.LJJJ a); CJLM)J J?\.n\ “@‘:‘““’:‘L“

COpomed LES sdaline ‘-;’ﬁﬁ,whjld_»)\ é)\atu C)}w

ESA2 mM a

.

N

\ ¥

(%) o s JoU6 ST

4.3L:.a~_'a‘,,>L.‘51.&&._.{3\..»JS.:,aja.uﬂ;,_,:s_,elﬁs/fﬁ@ﬁwﬁ%ﬁl%qb,&uwﬂvﬁﬁ.fJS.:,
ol 31l glas 5L b Kils (55,5 (63908 b 3,105 SSls O ga3l Ao s O Jlez ch.»): Slaliae M

i3 /‘J)L:JZ' i

\WA% b m Yoo led m V4 0 g0



O Kad 5 (5,20 dozes

(mg/g FW) s )

OSAOmMM OSA1mM ®BSA2 mM

A ¥

(%) o fows o5 ST

Agu.ot_.%}j’-b.6hﬁbpﬁ)5.wﬁjf}e‘:§fﬁg}s#w%ﬁM‘wb‘gﬁﬁ-ﬂﬂvﬁﬁ.op
! 35l gl 5Ol b il (g5, (65908 bshas 3,5 SSls O 95T dao s O Jlaz] ch.n 5 Jlabiae M)

Ol ST e 5T (6 s Ol ey 3 813
S5 ol b e 15 Ll 8 s S L oS S
it L S By 5ol QLS Al L
LY7] s olS 3 3 DS 5 ey sl

S sl Sl s sz e il QLS s
Sl S8 OS5 et Olgee o S & gl
ol o IV T el e sl3T Gladosl, g5lust
oo Jgn A5k Jod s slp bl Dl
Lol Lol a8 ol S0 sl sl 51 sline i
sl s bslo iy bls 5550 e 5 25 s
Sis 5 M s s [P ] el (S i Laud su
S IS pasiie puiS oS 53 IS il 5l a6
3ol ol b oS 5 ol oL cle
el GG 5ol VT 18 b 5 (5 s e 5T Ol
[¥a]

b DS 5 Rl ol s S L s
Sl o 1S 0 s DS s (S i e
2> SIS Olsply s o Al Ll [TA 7]
b oS elss olant] glagaly 3ladles

1. Phenylalanine ammonialyase

ool el (131 G b Sl el Sl

Sl Sty 5l ool Sledtis 5l 1 olS ¢ glans|
Al Sl 5 518 (iman S o L LS|
231 el 5 bt el (e S el Ol
oo Lid bis 5 Sl 4 45 s e il 5l elS
Olys 2alS [F0] U8 o S8 St i bl 2
sl SblS s &Tvsd:;;zi\,;ﬁ S L

DY Al el ods 18 50 Js =

g kLY
RIS S R Ll S 1 Ol
Aol Sl L oddsles QLS (IS ) sba 23l
2l el Hles QLS @ s g i IS
PP R o SN NERE L PNt
(0 JK2) A s Al Sl

wlos st sl ols 5 5l (S s ols s
SISl ol i (gauae glaslS a5l b aS ol ol
tla}};lﬂdudl_ii;b Gl e (AS e Wl | 55
A Ohaod O3l (LSt e iy sla ST
5 6L a0 05,548 ¢ JomuS|y SladlS0sl,

. ]/3@6' i

\WA% b m Yoo led m V4 040

OA



SIS 5 s o e 858 (K5n i 5 (RS PSss S Sns n del Sl I

Aol Sl Vo oo ¥ 5) 5,08 558 0 0l Ll
doys Ve g% s s ‘-JTC}JL‘”)J oLl

(P JS8) A sy Al s S lslas ) sbes

B Jold il LS55l 5o b 5l s

Sl 5 O3St b a8 5o (el Cnd s
s o 15 Blis 5 1 0alS e s liLaw;T
WS Couleds Col OlalS & 5 A8 e Clablwe
il U oo 53 Wl LUl b s Olee & i
sl gl asls 5yl bag e 2 bl 3 4
il Y] 5 e enli il iS4 pslis olals
53 agel dmad ol 2 SaasOles i o g
Olals 55 (el el (el S (,._Ja,.‘
lak s 53 A sla s 5l Clasl ol 8550
Gk g 3l Sl s [Fr] el i s S
s 2alS 5 s 35S o Slag 5T Oy SRl
s Ol RIS Sl s SaiSy 25 Slaen 5T

[V] 555 o oS s

7_
GA
Z2 5
=
o0
T 4
g
.
3
B
lA
0

BSA0OmMM OSALImM ®BSA2 mM

YA

S

Al e a8 el Olply (S50 5 255 0
SIS gl VT s 5T ol MRNA s 5655
oS 5 s 5 oS by Slagal 4 S 55
oali ol o3 a)ls Jlsa |, S Jsb ols 5
LSl el Sl b (g sl DS 5
dile a5 gla o ple A J 5 1580 s e
el s ol s 5l s Ladlgdl 5 b olis s
LF] ol ol

R L e A N g
Glalw LS 55 a5 5 b ol 5 GG sl
e Sl sdd S5 S [FF] K5 K8 5 VY]
03 Ol Gl o 0 ol 5o ol Sl 5 )18
35l Jed Sl s i b e e
S 5 Ol il [T0] Ad Ll s 5 s s
o S oS s el Sl G s s
LYY sl o sdaline

P92 Ol 0.F
s Ol Sl 3l Sy S 25 a8 sl 0L s

o
9]

.C. = ‘?

@

ol alelss

AR RER LR

‘U.wa~—'°.9J—>le‘sugf.gﬂr‘g}&:ﬁﬁ?w;%}iﬂ‘szﬁwj}z0‘%1%‘%“3&&”%&,&-9JSJ
sl 31kl glas 5L W Kils (55,5 (63908 b 3,1 ySSls O ga3 Ao s O Jlez ch.»‘,; Slaliae M

« /‘J)L:JZ' i

\WA% b m Yoo led m V4 0 g0

34



O Kad 5 (5,20 dozes

SsBos 5 SiPnxd e OTAN) o Jls8))
AU o el T 5 95 150 Sl
e 3 S0l e g e Sl SR 5 008
Ol 0l o&ills L5 a5 Ll 5 55 055 20

(S 5Ss dla,

3 o e o dedaed gl d (5 el
5 S s 3 YY) o ssblgests feelan
i Ol Lilaie s KIS olS S5 g0 5

XY-00 ()Y . e, 0LLS W)y

3 pg A0 alazel o e n38 58 e SUL
(S5 55 m sLa S s idlas (VFAY) | (5 sunpo
Poa pratensis L. oo slawdss 5 SS5505 508
Sl e Six s oo Barimpala o3

FEYYAEE Ol

Gl oo p Oldazd (o plad 0303 513 5o
R B 1 (FA0) gp o3l S 5 g
s eSS Slhw 5l 5 S0
10000, ALS slas SIS 5 dul b os e (S50 550

A=Y

o e g S S (WWAY) - (g e 5 p pla
3 edS S i) Sl s o Sy
5 S S e Sl il 008 G2 b

VA=A ()0 . el OlalS

L Sl p STOYAY) G 88 5 p e
oS slaazalS 5 S8 5 an (g5 dowl Sl
VDV o Clidss oslie S szt )

V=YY

bl 53 Gdsp Ol SRl sdaze gla fa sy
fJ_;f BRI AL APAR B RCOUIV P W VY W G P S
VN VOO - Oy [ SN G0 PR VOO I VU 9
OSNee e ez el Sl 1 LY 1 S
man [FF] A2l Aol Sl 5 U
Solwdl b sl dnl Shadle oS cnl ods 5,058
Aol o gy g 5 s Rl 4 PsCS2 O
A os (Sh R Bl s G Ol 1LY
e sla bl s el Sl 58
LYV O] cl ol sdalie

L adaly s sdelmst il & e 5 L g samma 3
el Sl s bS5 (S (RS S s
Slesliial 48 5 S amd Olgte o5 S oIl Dlis
S Ll i O Ll s el Sl
LS (ST 5 (NS n b Glematli g
ol S G B e s 2l e S
s EalS 1S e b el g ) ss lis
3 S i e (RIBHS IS Ol
oy Ly o Jole lis @ addo)ly el als
Ol deoys Fr e o3 s il 1 olS 6 lsls
day S Ohs 5 IS 8 Slao Sl b e mees 52
ot ol Kol Y gon ¥ 5,08 Slis e s
sledy s ol Ve A ) jlad o el 6 e
03l ol YL e hle e Slilas s 555 e
5y anlllas

&b

5 lS AT O i g dar 5 o sl )
S S Gl 5o S Al Sl
OVOF Al 5 S Six i kil s
A=Y

. ]/3@6' i

\WA% b m Yoo led m V4 040



15.

16.

17.

18.

19.

20.

21.

SIS 5 s o e 858 (K5n i 5 (RS PSss S Sns n del Sl I

Abdalla MM and EI-Khoshiban NH (2007) The
influence of water stress on growth, relative
water content, photosynthetic pigments, some
metabolic and hormonal contents of two
(Triticum  aestivum) cultivars. Journal of
Applied Sciences Research. 3(12): 2062-2074.

Abdelrahman R, Ahmed MM and Hanan MA
(2012) Effect of drought and salinity stress on
total phenolic, flavonoids and flavonols contents
and antioxidant activity in in vitro sprout
cultures of garden cress (Lepidium sativum).
Journal of Applied Sciences Research. 8: 3934-
3942,

Abdul Jaleel C, Manivannan P, Wahid A,
Faroog M, Somasundaram R and Panneerselvam
R (2009) Drought stress in plants: a review on
morphological characteristics and pigments
composition. International Journal of
Agriculture and Biology. 11: 100-105.

Alonso R, Elvira S, Castillo FJ and Gimeno BS
(2001) Interactive effects of ozone and drought
stress on pigments and activities of antioxidative
enzymes in Pinus halepensis. Plant Cell and
Environment. 24: 905-916.

Arnon DJ (1956). Chlorophyll absorption
spectrum and quantitative  determination.
Biochemical and Biophysical Acta. 20: 449-461.

Bates L, Waldern RP and Teare D (1973) Rapid
determination of free proline for water stress
studies. Plant and Soil. 39(1): 205-207.

Boscaiu M, Sanchez M, Bautista |, Donat P,
Lidon A, Llinares J, Llul C, Mayoral O, and
Vicente O (2010) Phenolic compounds as stress
markers in plants from gypsum habitats.
Bulletin of the University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca
Horticulture. 67: 44-49.

o SIS 5 llole (e SLEl sl
SSE R s el Sl 31 (1YAT)
S P Sl s G b
Js 5 olS 53 Ll (gl 5 0 3 Shes o550 508

W=ED N o5 p sk 53 s (sla i
58 prare g heS o o d 205n e HS

23 e Gla i 55 50 (VAT = S
oo O gt Bl sl ol izl OblS

;'J\;))—WJJL‘“':—”’}?’QL—"}‘DWJJJ

Hordeum vulgare ) i>s o e sl 55

(St i Al - gl 53 (SSP. spontaneum
NO-AL (100 . aLS 5 5,1 a3

<WM‘>M5>%;—~%L°6@,—~‘~;U N
pd_i})\;gut:?&u«;ﬁd;ﬂm)éudp‘u
i Rellas i iy il Lol 2
YN () Y 0l e 5 pasls QLS Slidss

¥

OY4F) o e 5 0 salazsl o Ol Slikeas

st oy S 53 53 (SO 4 Ceslie o)
ARES SRR O) SR g gCg COPI to JE R ]

03 SNas i el 5 s o3 Bl g wisle s Sas

V=00 (V) YV L s e S a5

s OV o 20l o5 b 5 0 ol i
Slrcs sl plardsm 5 (S5s150 50 Dlao s
(S G e gl 3 ey S

ATV 0P (355l ity by 20

« ]/3@6’ i

\WA% b m Yoo led m V4 0 g0

$o

AR

AY



22.

23.

24,

25.

26.

27.

28.

29.

O Kad 5 (5,20 dozes

Chu YH, Chang CL and Hsu HF (2000)
Flavonoid content of several vegetable and their
antioxidant activity. Journal of the Science of
Food and Agriculture. 80(5): 561-566.

Dong J, Wan G and Liang Z (2010)
Accumulation of salicylic acid-induced phenolic
compounds and raised activities of secondary
metabolic and antioxidative enzyme in Salvia
miltiorrhiza  cell  culture.
Biotechnology. 148: 99-104.

Journal  of

Fabro G, Kovacs I, Pavet V, Szabados, L and
Alvarez ME (2004) Proline accumulation and At
P5CS2 gene activation are induced by plant
pathogen incompatible interactions  in
Arabidopsis. Molecular Plant-Microbe
Interactions. 17: 345-350.

Fang CX, Xiong J, Qiu L, Wang HB, Song BQ,
He HB, Lin RY and Lin WX (2009) Analysis of
gene expression associated with increased
allelopathy in rice (Oryza sativa L.) induced by
exogenous  salicylic Plant  Growth
Regulation. 57: 163-172.

acid.

Foyer CH, Leadis M and Kunert KJ (1994)
Photo oxidative stress in plants. Plant
Physiology. 92: 696-717.

Fu J and Huang B (2001) Involvement of
antioxidants and lipid peroxidation in the
adaptation of two cool season grasses to
localized drought stress. Environmental and
Experimental Botany. 45: 105-114.

Gao X, Ohlander M, Jeppsson N, Bjork L and
Trajkovski V (2000) Changes in antioxidant
effects and their relationship to phytonutrients in
fruit of sea buckthourn (Hippophae rhamnoides
L.) during maturation. Agricultural and Food
Chemistry. 48: 1458-1490.

Hamada AM and Al-Hakimi AMA (2001)
Salicylic acid versus salinity drought-induced

30.

31

32.

33.

34.

35.

36.

37.

38.

stress on wheat seedlings. Rostlinna Vyroba.
47(10): 444-450.

Hernandez I, Alegre L and Munne-Bosch S
(2004) Drought-induced changes in flavonoids
and other low molecular weight antioxidants in
Cistus clusii grown under Mediterranean field
conditions. Tree Physiology. 24: 1303-1311.

Heuer B (1994) Osmoregulatory role of proline
in water and salt stressed plants. In: Pessarakli
M (Ed.), Handbook of Plant and Crop Stress,
Marcel Dekker Pub., New York. pp. 363- 481.

Hura T, Hura K, Grzesiak M and Rezepka A
(2007) Effect of long-term drought stress on leaf
gas exchange and fluorescence parameters in C
and C, Plant. Acta Physiologiae Plantarum. 29:
103-113.

Kabiri R, Nasibi F and Farahbakhsh H (2014)
Effect of exogenous salicylic acid on some
physiological parameters and alleviation of
drought stress in nigella sativa under
hydroponic culture. Journal of Plant Protection
Science. 50 1): 43-51.

Khodary SFA (2004) Effect of salicylic acid on
the growth, photosynthesis and carbohydrate

metabolism in salt stressed maize plants.
International Journal of Agriculture and
Biology. 6: 5-8.

Krause GH and Weis E (1991) Chlorophyll

fluorescence and photosynthesis: The Basics.
Annual Review of Plant Physiology and Plant
Molecular Biology. 42: 313-349.

Maffei M (2002) Vetiveria; The Genus
Vetivreia. Taylors and Francis, London, 193 p.

Metwally A, Finkemeier I, Georgi M and Dietz
KJ (2003) Salicylic acid alleviates the cadmium
toxicity in barley seedlings. Plant Physiology.
132: 272-281.

Min oh M, Cary E and Rajashekar CB (2010)

. ]/3@4/;' i

\WA% b m Yoo led m V4 040

$oy



39.

40.

41.

42.

43.

44,

SIS 5 s o e 858 (K5n i 5 (RS PSss S Sns n del Sl I

Regulated water deficits improve phytochemical
concentration in lettuce. Journal of American
Society for Horticultural Science. 135: 223-229.

Niknam V, Razavi N, Ebrahimzadeh H and
Sharifizadeh B (2006) Effect of NaCl
onbiomass, protein and proline contents
andantioxidant enzymes in seedlings and calii of
two Trigonella Species. Biologia Plantarum.
50(4): 591-596.

Perez-Perez JG, Robles JM, Tovar JC and Botia
P (2009) Response to drought and salt stress of
lemon Fino 49’ under field conditions: Water
relations, osmotic adjustment and gas exchange.
Scientia Horticulturae. 122: 83-90.

Popova LP, Maslenkova LT, Yordanova RY,
Ivanova AP, Krantev AP, Szalai G and Janda T
(2009) Exogenous treatment with salicylic acid
attenuates cadmium toxicity in pea seedlings.
Plant Physiology and Biochemistry. 47: 224-
231.

Raskin | (1992) Salicylate, a new plant
hormone. Plant Physiology. 99: 799-803.

Saeidnejad A, Mardani H and Naghibolghora M
(2012) Protective effects of salicylic acid on
physiological parameters and antioxidants
response in maize seedlings under salinity
stress. Journal of Applied Environmental and
Biological Sciences. 2(8): 364-373.

Samadi S, Ghasemnezhad A and Alizadeh M
(2014) Investigation on phenylalanine ammonia-
lyase activity of artichoke (Cynara scolymus L.)
affected by methyl jasmonate and salicylic acid

45.

46.

47.

48.

49.

50.

in in-vitro conditions. Journal of Plant

Production Research. 21(4): 135-148.

Senaratna T, Touchell D, Bunn E and Dixon K
(1999) Acetyl salicylic acid (Aspirin) and
salicylic acid induce multiple stress tolerance in
bean and tomato plants. Plant Growth
Regulation. 30: 157-161.

Sakhabutdinova AR, Fatkhutdinova DR,
Bezrukova MV, Shakirova FM (2003) Salicylic
acid prevents the damaging action of stress
factors on wheat plants. Bulgarian Journal of
Plant Physiology. Special issue: 314-319.

Singh B and Usha K (2003) Salicylic acid
induced physiological and biochemical changes
in wheat seedlings under water stress. Plant
Growth Regulation. 39: 137-141.

Wang Z and Huang B (2004) Physiological
Recovery of Kentucky bluegrass
simultaneous drought and heat stress. Crop
science. 44: 1729-1736.

from

Wen PF, Chen JY, Wan SB, Kong WF, Zhang
P, Wang W, Zhan J, Pan QH and Hung WD
(2005) Salicylic acid activates phenylalanine
ammonia-lyase in grape berry in response to
high  temperature  stress. Plant  Growth
Regulation. 55: 1-10.

Yanbao L, Chunying Y and Chunyang L (2006)
Differences morphological,
physiological and biochemical responses to
drought stress in two contrasting population of
populous przewalskii. Physiologia Plantarum.
127: 182-191.

in some

« ]/3@6’ i

\WA% b m Yoo led m V4 0 g0

oy



Crops Improvement

(Journal of Agricultural Crops Production)

Vol.19 = No.3 ® Autumn 2017

Effect of salicylic acid on morphological and physiological characteristics of
vetiver grass under water deficit stress conditions

Mohammad Safari', Masoud Arghavani”" and Azizollah Kheiry*

1. M.Sc., Department of Horticultural Sciences, Faculty of Agriculture, University of Zanjan, Zanjan, Iran
2. Assistant Professor, Department of Horticultural Sciences, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

Received: August 3, 2016 Accepted: September 26, 2016

Abstract

This experiment was conducted in order to investigate the morphological and physiological responses of
vetiver grass (Chrysopogon zizanioides L. Roberty), to water deficit stress and salicylic acid application
at Department of Horticultural Sciences, University of Zanjan in 2015. After 6 months of planting
transplants into pots, three soil available water levels (40, 70 and 100%) and salicylic acid concentrations
(0, 1 and 2 mili Molar) were applied in a factorial experiment based on completely randomized design
with three replications for six weeks. Salicylic acid applied through foliar spray weekly. Generally, water
deficit reduced root and shoot dry weight and leaf chlorophyll content. Root length, total phenol, proline
and electrolyte leakage of leaves were increased by reducing the amount of available water. Salicylic acid
application improved negative effects of water deficit in all attributes and its effect was more pronounced
in 40% available water treatment. In all available water levels, there was no significant difference
between 1 and 2 mili Molar salicylic acid treatments in root dry weight and leaves total phenol whereas in
other factors. 2 mili Molar salicylic acid application had better result and plants in this treatment had
higher shoot dry weight, proline and chlorophyll content and less electrolyte leakage than 1 mili Molar
salicylic acid treatment, suggesting that in order to increase water deficit tolerance of vetiver grass, higher
concentration of this plant growth regulator must be evaluated.
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