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Abstract
In order to evaluate the effect of various levels of drought stress on some growth and bio-chemical

parameters of marigold (Calendula officinalis L.) and application of salicylic acid for mitigating drought impacts
under greenhouse conditions, an experiment was conducted with a factorial arrangement based on completely
randomized design with three replications at Research Greenhouse of Agricultural Faculty of Bardsir, Shahid
Bahonar University of Kerman in 2015. The experimental treatments were different levels of drought stress at four
levels (irrigation for fulfill of 100%, 75%, 50% and 25% of the field capacity) and foliar-application of salicylic
acidat at five levels (0, 0.5, 1, 1.5 and 2 mM). The results showed that the irrigation levels had significant effect
on all studied traits. The traits of dry weight, carotenoid contents, proline contents and soluble sugars were
significantly affected by the salicylic acid treatment. Interaction of the irrigation and salicylic acid had significant
effect on dry weight, proline contents and soluble sugars. The results showed that increase in drought stress caused
to significant decreasing in growth parameters and also chlorophyll a and b contents. Contents of carotenoid,
soluble sugars, proline and phenol were significantly increased by decreasing amount of irrigation water. Increase
of salicylic acid to 1.5 mM increased the plant dry weight, carotenoid contents and soluble sugars relative to the
control conditions. 2 mM salicylic acid decreased the traits compared to non- foliar application. Generally, the
results showed that application of salicylic acid specially in 1.5 mM had a positive role in mitigation of negative
effects of drought stress.

Keywords: Carotenoid, Chlorophyll, Proline, Phenol, Soluble sugar

O ieaiiSu gans 51 (S el b g, oo Hlad 0 Saa Calendula officinalis  gale ali b ,lgs iiaen oL
“sP u-[ Jj:l.AS Um ‘U‘Jf‘ 63)\9\.45.‘5 B an:\A.A GLAUL:\: AfA‘)CA.A.ulu_u.ulSaﬁ*)‘db&fjék‘@\sJ‘dgbl:\iL
sate ol 0 saeS (B8 (VWVF (S oSl 5350 aila) wsls 25 5 oldhia cualse S 51 Gl (VWA (S

w5 3 ol (S5 slsns slasls se YA



WV

o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

sole 0l (SIS Glym GEB 5 0 alasl (VAT ol,lSen
oldlee il obd o s 31 JualK cga u
hrems Salialls wad cBlE € wols L (yinas
3 sbosbion el ol pge Sl (55 4 ol sy o
9 38 L dland 55 558 Glhae Gl 4 (VAY) o) Kes
Al paly Jolae b Dl 4duas oS o afgigda
D g ey Gud g desde bulpd o Siliall
ot (EAlK (WAY) el oY S s,lal
Sras 9 Gosd ot bulyd o Lasl § srslasas]
oial suianslian <€ W < GBS s Sabindl
Bad Gl by g Sebiendlo saal [ peta Ho 25 53
slachle 18,80 Glhae o Guass oo O
Sda S BBAL sl (595 el Selidlis aliA

S esle gl clile Gy s 5 Ll wluaa olS o
ole Ay o ady glasiebl  wom 30k
Al oo (pliard g

Lagdiyy 9 9l

9 9oSlee sl Selicdlos 1 ooy Hsbbets
OB 3 usler wluan olS pliandisn slagaly (Ao
WolS ok s 5o JiusiSl oot pinle)y] (Saa
solinly Slidas Gl o LIS 4w L bolas
Ak aladl Gl S 5ials g sl&E3 s 5 s3,5LES

Sl oo (S pln Joba Gibell slaslas
o3 okl iglie s 3o il va o sllas (s5luT ) o
Cadsl wm5a 00 L9 solul slhe s he cudsl s 50 VO
5 (lesie cudsh wass YO o olel 5 gl
SMO N /0 ) s Hlea 5o el Saliaddlos gl
95 (WY selie ¥

O om s el GElS LV (gl Vo laglul 5
da yo ,0) 48l Lol S8 5 Gad S 51 oLl
2 53 @S5, shs i LALS (0 S S 4 alaBl (S5

S8laaaS) 55 sla) e 5o o5auS) Jlad glas S
o (Y' .. l_s_)g[...u K) “.\‘_)fl.a.u)..\.lj.aiun él:S BE)
(S LIS 3 (pbiard e 5 (o550 slaguly
baidl slaslSal; 5 S5 e sLasS g5l sy Ol cnlsa
Ja ool b oojle (a8 ol ol 31 Gual€ cyga o oS
lapwslle Gusk 5 gulatdl age GlALS ) (g ks
L1 1y e glagis hld b ablis ol Slals
0902 DS 4 G psle (A Gaok Ol s ol b
Ll ol b ablis 5o 1, LT ol (555 (aols oluS 53
OlSas 5 o) wiieun Saxs sl ge 5 ALS (slag oo 90
(Ye-¥
5 ol L8 i e S o wl Sl
(A 35S wle oAl why (5510 slaail s
Gl eglaay o culan i, b s LG 5 i 5o JAS
9 Gom Jalre oo Al glags Ol o o olaaly
5 1osoSLE) wls (8 I Seme) & by olaks
J:ll:Q.A L) ASeJ:u.ufJLa.u Jf.a.u‘ u:\]&élé.o J.A.C (\J' .Y C)‘JlS.AA
Ol ok Jlaal 4 (Jewh e 5 Few) slagis
2210 58 e sle slal (03 s Ho sule (pl (SAS K585
SaseS) BT lam BT a5 o (58 5 i ol
5 D) Sl sud suly S Jlas o3uus) slaw S
o9 Gley plig S lsie 4 sole Cnl ininen (Y12 ALS
Jl%).&d)‘dui&lula:n_ncguuﬁﬁ&lﬁs)é@\gmd%‘
ok 4 s (g pla aly Blad 4 o) Jee aunsilSe
Sl Saliadlis S0 BLSS 59 50l olallas
‘( \Ya . Q‘J&AAJ ‘s..\lo u‘:\.i“)Q—O) CA‘);\ BE é.‘ln.s ‘4_\\9-4\3
‘(*’ o F A.JJ.A.Z‘J dL\E‘) ‘uﬁ ‘(\J' -V O‘JlS-AA K eﬁS) l:\\}a.u
5 WhLa) Lol 5 (S8 a Hu YL 5 oub sl

9 S Ol Cmea) 4 8 5o sosd 5 (Yrr e OISk



WAY Jlo /Y 0yl VAU [ SB g Ol il 4y

uL.o.«ulﬁ)y cdb‘/w YA

) ad suldi) Lbufg.l‘:\.n 4.4.;9‘3.9 (5‘_):: s 53 0 JLAS;‘
2 alaslExcel 51 580a 53 bais 55 505 Laslo g

Linaa G plE ) Gl 5ee 4S uly GLES a5 1l g pld )
Jlaial gl o ol pobe slas 585 cas LS Sl
(Vdsan) @8 8 L8 sy S

cabslh s VO e 4 ol Jleel
o o le ddnan P, olbae sl ;5
0 pobes (o oV Jyan) cdilss ([SaA (55 aae Ll
Ol Dloliae (alS 4 jade (glee 550 cudsh s 50 YO
Oloxe GalS (Y pan) Sad sald Hlas & cod cdio
Sely o Sdwlee s 30 cadsl wia s YO 500 @ gkl
e g dinan 1 (o 50 YO 5 YY sgaa Juals
ad JelS g5kt bl b 4

S als Gl byl wias ml olS SdA (359
2hdslae 5 ool pobe (BSaan 5 sale oI
HSB ey & sl gl o wed Sl
Joda) iy Hles dduas G SEA 059 s sulaline
5 el Sl 5 55kl Bbide - glai (13Saa 53 ()
el Sabicalbos sl (ool 5o (IS ghay oS ol LS
e olS KA 055 lose (Sda (I8 sad Gl b
gobes 4lS 50 (F Joan) by GRalS g lobae by Hles
JlS 5oLl Hlass s s ,loliae A ) Sl
G S Goy obd Ol e e cudoh wsyu VO
O Olose (SdA IS ad GRIHI L s ads saalie,
Sl ol LaalS el Sl lackile K Ly wian
0 el Sabcadlis 5Y¥ g0 Jao V0 5V osha (¥ J5aa)
058 Gy golalas Hobay (SdA (WS sl 48
WAL s ol L3 3 wa Dl |, G Saa
(S B0 glaslas daa Hu ol Gl aals Hlulias
SEA G5 oS wel Saliendlos Y se e ¥l

Gyl S f daje Ul 3L aal€ 0 luk
L&)@ ui_).' ¥ odaye 5 ol 6_)l:\:sT ©sle ol
o5S3e slaslas a8 Jleel (apel Siliadlls 5 (S8
@ S Jlael sl 51U 5 okl dds e 0 AT
Laglal oS 6oy oo O (Saa a5 Jleel [skiis
(OYAVL K aa 5 (Sloa)ad soliil

2 ilhdslae ook 5wl Sibiadlons 5,8
DS aladl & s S la clile ulil
}‘ab&e@i/)‘wJMe&‘Mﬂwlbd‘ﬂm
‘L‘A)—OOf‘)J mﬂa)\,mcuilg).‘u)lﬁ.:u:d\gdud
S o ol Saa dalllas ool 5o 09 59, Uaye o 8l
b S @bl et el 38, K o o) s plals
aa 5o ) 4S5 g sud (addie oS ()l (g9, L3 olallas
ol LusB ol gl o pg e GBS Hlas € (S sl
apd A s ye uyly B oasls cen il wia &y B
Laslas Jlaeh (slis Gda Hlea 0alnls (WYAY (Suan)
slhoal € usd Jola bkl G s @S Ll o
S S pald (S3sls dase K s Gbel]
I EVDN 45):;§QJ‘AJ‘ RIVENE YT @‘;‘ Q‘:\A )‘ G s dew el
SEA GOy a3 o e8ladl G g8y (liandign
il el
g KA s ol plis,) Jols aalllas 5,0 lia
Ohao b S S wi g, 5 JadK slasyS, cble
L 4 S 5 ol ol i aladl (VARYF) lluiig.d
5 28 oS o3l (VAVA) coasS Ghsut € sl
ol (Vev o) SISLe (s, b a€ S s 0w pa 5o S8 lie
RS JERTS

Gobel ook el s GiulesT 51 uola slasals
S50 /Y 4AiSAS J‘Jﬁ‘ "s‘).t .la...u\sl walail S50
e L9 GSIs Gaedl B 5 S I8 sl 5 adas



AR

o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

e 530 bl wim 5u¥0 500 4 okl O Luals
(F Jsia) ad cho ol Sblee Gl & aie
) Oloe (VAY) Gt 5 (VYY) CnoteS o ISosbes
4o wim 53 YO 50 sokul mh Hu s S pedls
(Y o) v Jeols !

okl alide gl 580 ca3 500 Jui g K el
L 58 peald gl (Y Jsan) oo sadle Y/ 7 BY/OY o
ol ol 1 sl GhalS LKA (5 sad Shlil
clle Hllas 2alS @ jade (Sda 5 psb oS
she e bl as 5o solel bl ol 4 s b Ji 5K
YO 50° VO ol sl SualS ol @S, sbds . Ba
a5 VA 510 A s gan S 4 glde e b b ws 5o
YO (solel s su b b gl Gloae (Y/+5) (p S s
WA Gl € ol saaldie glae e cudish wa o
(Y/V0) shesie cadoh wamss 00 5okl b solabias
(Y Jsan) ol glas

S ols Gl Gailiols 4ias i a9l ls wldle
GolsT slaslass sules I3l Slobias L3l cad cdes o)
@8 S 518 e 50 S Jlaa e 50wl Kbl
sble 5 ooobbae 58B Lajlas o) Span s
o e PRIV PR AR PREQ IR TR P P
© Gl o glile (s, w55, cble (gl Cahds
Ol 58 S5 sbds (Y sua) lo pLasb sa iy K Lle
o s ol loline (il 4 sate LSA (55 G
© oo ) golliae Gl (Saa GBS rsh
YO 5 0 ok o SMEA) wals las aals les
Slline w8 wlile GBS 51 (glae ;e cud b s yu
WA e e cniph wsye VO mhaw (Jy s
(Y dga) ols QL sl 0l L 15 solobae

pae slas 51 5aS (gololine H sl da g eu s Llal, G
Voakle b cabdslae slas (S 50 e oabd sl
dojs VOGS e 5o wl Sibeadl ¥ 50 i
29 s 2ldslae 5 (A0S +/AY) Gasidus slee e cudsl
shesre cudsh ws 50 YO (135 (6l Y e ie ¥ b
slaslas o oo 1, Saa 559 Olose (a0 /VF) Gasis
Ol Gl b (YU saa) wads Jold gy 50 3550
S OIS e Sl Jaans 5o sl Sibicadlos ende
s BB G S o w1 Hles adnan SBA 35
KB 05 s o0 el Kbl s 0,lS 536 sl
b aie 50 0 Hlasd gl (SdA GBS Lyl d 5o 6olS
olasi (Fa 5 (Saa ol Koo 5l o s slee e
VO 5\ poba w8 @Sessbe wg JolS o]
deoe 00 oS Llyd Ho sl Sabicadl ¥ 50 i
VY 5 VP spua oSt plalbdl sely gl e cudsh
il slae pae Hlad 4 cud sdis (pl g o
i3 JolS g5kl Il (sl il 33 ol S s 5
RE Y XA R-ARK PP R YVERV-SRI o P RENPREN
e 59 00 i Ll 50 sl Sbicilles S 0l s
ol 00 S ae JalS (g5l Ll 31 5355 50 s5ke]

sioh chle o€ ol olis B iy ,ls clile
(P<0.01) (s,kel pobs slas 3B a3 b sa sy,
Sl g0 gl () Juaa) wals plas |y gololiae 3HEA)
Oy wal Silualln aBiae glackle Gl )
sohbae A sl Sl o okl aSaa 5
Sl skl Gt r g 58T a5 ol LS
o) (SR (5 sk Gl b oS ol lds a bl
VO b sl a8 (pl (Y Jsan) @il pualS cdn
Shobiae Lol olal @ cas gle)e cadsl wa s
S gle e ndoh w0 YO 5 00 pobas (g asn
Aals Glas 1 golobias CaYEAl wald 4



WAY Jlo /Y oyl VAU / SB g Ol il 4y ool ygy (53150

Sl ddinad oS absanidi gy g audiy SLa ol jls (A g (oD 8 g el S 9l 9 SIA gl (e o (aSle) el lg AR —Y) Jgaa

JS Ju ol slanis ols dgSelS b g s sLS eyl sl Saa o)y dj); Shatt e
a [ClS)

AWV YE/A” YAVY IV LS RAY7A YL ANV SN NI Wy ey 1 okl csb
YY/.an AYY /Y PRV Y/08™ ey ns T SAvvE ¥ sl Sl
Y/\a Yy yy/av” AL ofeeeqms ’/’n;’f \FES v \Y Sebeglloxsoley]

¥£/Va BI¥A Y/ SJoAVY WA “J-\YA A ofeexe ¥- tnleT sl
Aa% #IAD V/60 ¥/50 ¥/0A Y/YY £\ AIXY - A PEL SRS

.JlJUuJeLJMJJ\JOdLaiachm.ququtmﬁ,eS‘;gnS‘,**‘*
Ol ddinan oliS jo ouddi (5 S0 3l Gildis s SIA G gb y 7 glacs ouleu I Y J gua

ol ol glas, a Jad 5K b Jsi s, A ¢35 9,8 Ol Oloae K s

(Cm)<s s (Mg g FW) (Mg g FW) (Mg g FW) (Hmol g** FW) (Hmol g™ FW)
@lie e cndLls Ak /oy @ v/ov @ v/ov? \o/- 9 fo/v P
ey cndsh wa,u VO VYRR V/¥A 2 /vy P V/0) 2 Yy/Y© FA/Y P
e e cadsh w0 0- A YAt Yo © Y/¥y P ¥a/s P ¥/ @
lte, e cudsh aa 50 YO Vi © V/AY © /.5 ¢ Y/y-© sV)5 2 WITE

o s 5o ) Jlaial macs Ho (SSls S0 Guleal s gololiae WA (SHide oY Gioa S Jilaa glols slael G st 54 o
lge ddinan oLiS o dadles uy 90 Glis js wad) Suluiwllin paalls sulew H51-YJ gua
(MOl g™ FW) calsss olie (MY 07 DW) Jslae slauis (MY 0 FW) s g5 5,8 oliee (@ PlANTY) ol€ Sk 035 el Sabcandlis ol

YA/D- ¢ Y\vo ¢ AV -Jor® VOV N SUPRAYS
YY/Vo © YV/Y0 Y/ s P -Jos P areal ¥ goSlie /0
¥a/. . D ¥¥/0- P v/a5 2 Vo seeal S¥ go Lio
Yo/vo? 0-/vo? y/a¥ @ VR acl HY¥ e Lis V/0

Yo/vs? o-/vo? Y/ © NAa aaeol Y 5o Jlie ¥



A

o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

ol sbi slalas LIS slas (slauss Culile
s oMbas 3Bl 5o o) 2Spa 5 s Sibell
LS sl (slanis ol hae 5o aim 50 S Jladal placs o,
(SEA (B sl IS 0 () Jgan) wiials Hles dlies
Olose Slalias Gal3) el Sibadle clale o33l
olal pob @l o (F Joan) wb Jslas slaus
ibdslae pac Lalyd jo cdia Gl Gl S
Oloze (L Y palie ¥ 5 V/0 sl 5 0k sualie
(F Jsan) wals plias | J slas w3

gobe ol o 58 (SdA IS plae Gl
el 1) Jslae slaaad Hlaliae (aulbd) sl Seludl
Ole ol Ssgdie 50 ¥ Jyaa Lo € G S 5lea ud
o el Sl 0 58 3 5o Jslae (slanid il 53
Koo 5l b el wa s YO gokal ala
el Siblbis e 31 okt g okl sk
Lol 5 550k o Susede (SaA wad (a8 byl 5o
S OB pae g ks LIS

8 Gloae aS ols ol Gl sl a5 1S JA8 (Ol a0
w50 0 Jlaia o 55 ol slas 53l s e <
5 ) Silallen las 5 uls oLias (g loliae YA
AU sl Sl 5 ol GaSaas ofiaes
() Jsan) aiial 5 S sl 5 (g, lulas

G et (SEA (B sl (el 580 4S ol las mls
@lor oI5 el (Y Jsaa) ad JS U8 Gloee Gl
G ocans gMesde cuisl sa s VO ah o gol]
YO 500 b (s s slbae olul aue bl
aald @ e (gololias BWEA) (glae H e cud s wia o
o8 (V+AI7) US 8 Glose (i (Y Jsan) wols (lis
Sl aS wd sualie glde e cud b wn 50 YO L L]
Sinh aays 0 e b s bl CBMEAL Ll
olas las (V-F) glae e

Le,3 YO 50 ks 5o wdHSHIS alile (BINI Gl
S50 JolS olal bl & s gl s ol
a5, cble &l ,uas Wi, 0 depu Ve 5 VY Bsaa
e 5 ol 530 1) el Soliadllos lale il 530 G
Ssehie /0 chle abd slas (Y Jsaa) 9 oalS
O 5l 5 il slae pue b (BA) sl Selidl
G oade pabidslae glachle Ko ol lis cis
V05 Y posbes oS als ol b wad o Hlolas juis
Y ph s ol a3 sel Lbbslae Y s b
slasi & s 08 35,IS el (nalS el (T 5 so b
VO 5 ) psbe on A sas aldslae ase
saaline 5 Sde dio SIS G arl Salicndlon JY 5 s
293 38558 alle Glae (V/4F) G 5¥L s (ol b s
(Y Jsas) ad Jals cabdslae JY e lio V hae
223 olline L5k mho Gl Ol iinlan Glile
S s o9l Siliadlin 5 okl sola o131 550
OIS w0 iy e s slass g9 Cpl QS84 5 e o
Sme GSEA G Sad Gl L () Jsee) siS
i el 5a g als Gl 1 S ke (I8 Calg
olas 1) solliae SMWA) Gty mhacs 4 sy (Saa
(Y Jsaa) ol

4l ol 5 el Silacallis 5 ool (Spa
OB e Gl b s Sbeandle ol G o
Obas G381 (g laline sboas oSl g5y mlile ((Saa
6l paald Gl Ol et 5 GRS (Y Jsan) ol
9 Bl ol Ho i Se ad Selialli £l 4
Oloae GislsEl wd Jala glae e bl wim e YO
Sl ol slasles polad 5o sl Sthicadlis b yime
(¥ Jsan) ad Gl ooy clle Hlaliae s s

solel Il ol o gl gy e l3ae a3
Ol poidas ol crnss il slas pae slas gl
0+ 5 she e sl aa 5o okl ulyd 5o cdas )
099 selie VO cbile o glae, e cudsh wis e
Y b oo slesie cadsh s e YO 9 VO Ll
(USUPREN JRPYRCVIREFIRRIR W IRIDIRY ROt



WAY Jlo /Y 0yl VAU [ SB g Ol il 4y

UL‘"’“’E)? cd)‘/w Yy

ol inad sLS L a5 a) e Sliie (Ao 5 anl Sibiandlin £l 5 ol GBS pa 5 ¥ sua

Jslas slais Ol Oloee QESUERSY el Kbl 5u0lee solel pobe
(Mg g*DW)  (umol g FW) (g plant™)
YY/\oi A -/vebc el G yms pte
Yv/yah yY/\ Kl -/vwhb wael 5Y g e +/0
YY/YYQ vo/-akjl -/aya waeal LY go glis ) (lde e il ls
YA/YVE \a/- i -/aya arel ¥ 5o Ls V/0
YAYAT - #Kijl - /svd arcal 5Y go i ¥
Yo/\Ahi yy/aakl -IVeb el G yems pte
YA/Y-h \#/- VK] -/vebe arel ¥ go e /0
YY/Yvg Yy/avhi -/ava wreal Y e e ) Gle e il wiayu VO
ya/vvf Yv/y-gh -/a-a arel ¥ 5o JLs V/0
¥ /vvef YA/ -of -/#Acd sl ¥ se e ¥
yv/vsf vy/--f -/yvef el G yems pte
¥./yAef FY/\\e -/voe wrel 5Y g e +/0
¥v/yyd ov/-¥d -/vobc arel 5Y go Lo \ e 5o cani sl em 50 0
O¥/YAC £-/\YC -/v¥be acal HY¥ e e 1/0
QY/y#C 04/--C -/y#fg weal SY 5o i ¥
¥y/y-e OA/-YC -/¥Yg areul B yeme auc
O¥/YAC #v/--bc -/¥\gh areul JY¥ ge io -0
12dA140) ##/aab -/evef wreal JY e s ) M5y madsh dea,a YO
vY/6-a vo/-£a -J¥vef anl HY¥ se e V/0
vy/ova \ZZARE: -/y¥h wal JY 5o i ¥

Ao s oV Jlda] mlas Ha Sl Ol Guliad 53 gololias MR (Syide 0¥ Goa S Jilaa glols slael G st 5a o

VO o a0 SIS 4 ad wdi ;) SRalsly 058 o JualS
Olsie © sl wduen ol (gl sle e cudh b o
Gl wld Gl € wpdd Cpuas (SEA IS S
Al 3ol 50 GlalS 5l s (g b
s Jsane by ((Sda ddaa 5l aias sla il
] cow el 5o S sas ulsT sl wls
pae & e opl 5 osdiee Joslu oS5 5 LSl

&,

o
ot (il 3 psla dallles 5 Juola ol Gulidd s
Oos Jeld wd, slasially shbas (ialS con o
cobs ald 5o GEalS ol (Y Jgua) il ol S plas ) (Sia
G (S 5 () aSaosks s e S 4 83
358 Slin (555 580 sl 3o i dim 53 VO o
Sl glie s 30 cudsh e, YO 50 pobu Jg okl



vy

o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

Sabiaddlos cabydslae 51 5o SEA (55 Gl
OISz s O ol b (K3 Lolyd b oas
5 BhLw) eyl 5 (S5 S wle JllS o)
I (VA hlKaa 5 oly) sba (Yer GllKea
OSea 5 Oa) Lges 5 iy Y- ¥ G808 5 (a9 9 3)
s S G (YA aige 5 s200]) K pase 5 (Y0¥
K wu S sl divue ol 4 (VWAL LK 5 ol
2l o9 s, ol baa sl 5 sl Sl
sooalo Gialndl 1y o ady Glhse (SEA (35 yae ol
ot culg Hu S sud ol32 ulge 5 o il Oia Giel
Al b adsy GBI Gl gl ee olS kil 4
IS S s oules 5o 5 9 sl sl sen wiaa Lo S s
po ol callad (aal 380 4 Gaigan (Ll .l wal i (21331
s GRl38l 5 S g8 a g OF s 4y Sean)
OB Ll 59 e Suliaddlos Ggeas 1 50 S
WS oLl Saa

oL 2l s ol oigen el bl
S 1S ghalllo b (Yo - ¥) GLan 5 155, SLE ol
Sols aladl ad€ 5 aae) Sl 5 (o0 OB
9 5 050 ol paed (ial38) L ssle () 48 wimsly o
555 Jsbes Jsb 555 (sls aspe ial3il 15 olS S
ala dallis 31 Jeola il b da®h ol ol 5ol
eadly edslas

20550, Llalias (RalS LS sl (hass mln
o oilndl bbb oy a s oK Jeld gt s sla
ale 4 (Saa 8 balpd 5o (Y Jsan) o Saa
Jus glasS (il 5 S pemedbarl Juals
9 o silaac) (IS Hlas Jsane b olS () 5aus)
callad (RIS (g 3m g8 slas 5K, cusdS of Jlss @
S sl 5 Sl ml cullad a1 i g
G il e colg o 38 slacua! .au8l o sl ATP
(V0 Sao oS 5 550Y) w08 sake olS a; Jrals

9 ol adiy 5o B8 9wk aal A jate (Sl sl Julas
-GS w5l Jeols (slacie] 4 (g5l sule (1l
Oiged (Yoo £ 5S35 5 500) 9 wal s () 5aeS) Jlad sla
o8 SEA (5 5 S e padld ol plis ) Suals
el (RAIS 51 LAL Jsane ok (SiA IS Ll
Jolos paa (RalS ol (Joles ads sk 5 (25308
S olsie 0 asn ol wsaeS 5l LBl wely S s s dle
Ol Sl (nalS s 0 5o (SBA 4 e glie aeuilSe
po slaoaiS a5l (S Glsie 4 sad Lad sl )
(YA OhlKen 5 (Ll8) 55t o grune (5 5acl
o5 rglas alad Ho ol LES Husla dalllas ((ainen
Y oeislie V/0 o B Saluvassllis 050518 Gl e Gl 581 L
Sl Sae Sl il Gl LS Saa o)
Shie GRS can Y g ¥ phs B san) Selicdl
G0 S 4 gal)y olSassy (F Jsan) wa S 348
ped salie 5 (aiae (slagS Ll 53 5wl Selil
OIoEan 5 0 sugs ol ) Wilss S oLl (alide lals
(YA oKaa 5 olia ¥ooV meal 5 oba ATAY
S wu S gl (WAY) LlKaa 5 osse ol mes
o Ods Jld Lol glachle o sl Salualla
S deola Jlad slaws S SlaseaSt T slaas 53T (il 330
sy S 4 sade 5 83 S ola | sl i
G NG glackle o BlEe o Lol oo S e (il 3l Jala
S olsie 4 4SS oo Jae Glans] (BT ol gie o LS
ol sl 5 585 5 el (835 alasl b plases)
OIOSar 5 (a0 9 58) 39S (o0 sake oLS Ko Al B 4
A aS aials Gl (Y- V) daal s ol (uinan (V-0 Y
Somad 32k 5 s Sl GYL slackle b jns
sad Lgign slaasd Ol gub)y Llade slasl 5 pH
9o il 5 aelly Qi (EAK Co sl Sl
S o alagl JIEAT 4l w50 Bask ol &



WAY Jlo /Y 0yl VAU [ SB g Ol il 4y

uL.o.«ulﬁ)y cdb‘/w Y¥

> sl bilas HKal) K Jaine la i L olS
G Gldl Baob O ol asdiee Csmas lals
Cote 15 haml wlsis auld (Galss) AT el sacl
s Sodl) s K e Sad w3 Ghal ca g s0 S
WS g Fuus 5 puala dalllae jo dlas Gl (Y -V 0¥ 68

o9 gilkdslae oo 4 sl Kbl S yens
Siels GBS pac aa 5 G5 bl 5o an sles adien olS
Oalaog Ol Rl 33 (F Jsan) ad Ol s Ol Gaul33)
Lt b ook, alKia Ho sl Silidlin 8 e b
(YA OhlKan 5 sla) (S5 a8 QLS Ho (o
5 losoSla) a5 (Yoor GllSen 5 50) Loyl
Al GBI 50 (VoY ol

Sl 6 ol oLt suala aallias 5l Jols b
s ler hnen sUS s Jslae (slasiE Ghul 381 o (55
el 5o okl 5o Jslae sladis (lsae Gl (Y Jgua)
Golaliae ol (glae ;5o cudsh wo 0 VO 5 (glae ;e
Ofiad 5 iy LAl Ho Sl 4 e s b il
OB 558 Ol 59 (o S0 el Slie i 5o
S 4 s ol SuS b solel O s 5o ol
6l e 30 il sia 50 VO s o g5kl oo
© bl O poles pha wiS e Sl wdusa olS
2f olaa

el Gilndl boslyan Jslae slanid (uul5dl
" o olS Jblia ), S (Sa il e
Saloe o Laas aule JT ol 3 (230 b Glals o g
alas Gasb 5 sale GEalS 1, O Jeslyy Sl o
caagane b pladaas 51, O i Qs oISl (5 5l
otigan (YooV W¥h 5 Cisl) WS aal sk,
slaad (luldl oS Wu S ol (Y040) sl 5 laslselS
sodle dasno (sla il b ol o 95bss alSia 5 Jslase
sladSeul,y cusla (S 8 a0 cun (el aaliis

OESaa s Griaad 5wl Sibiallis pabdslae
Jolit (s 55 538 (5Las 385 5 sl sime 5 ool Hlasi L]
50 Gl slallas enislas g, labae 535 b ya Ji LK
-85, sl s (50 el Sibcalles 536 L LS, o
QﬂdJJﬂ_}é.LJ‘JQLﬁ‘QbéJ&@&b sa Jud o K sla
L eomiasis Lol il 4 (Y-07) ollSes
WS el DK g wnl Siliall palbd sl
sobo cl 5B aue (Y- ¥) ol,lKan 5 IS e g0 4S o o
ob3  plly dagas olas Ghla adlS g5 1) sy
il S sl Sabieadles Gms 4 Sl

Shliae (il @ suals aalles 31 Jials @l
Ol e 5 (SdA (IS Gl L a5 5,8 Olae
coals oslal JYsehe V0 pho B wel Sl
“be ¥ B sl Sl R Gl b (Y Jan)
GueSl Bl obSs dea 5 lad s, K il
O ohle malK s wilg e o aiia wpl e
1 S soua JSoul, JSias 5 aily (38 auSl oy g
Wil Gl 5 5l adinen oS 5o Laad 58558 we e
doo (S2a (135 Llyd 5o plues) (BT & plse o
ok U5 e olS ¢ (SaS g8 Sy Olsie 4 5 00
Ol (il 58 e 50 sl Saliallis igan il
Koo olalliae b alicus ol 45 (¥ Jsan) at Lanss 35 5,1S
9 S5l se) adiS (Y- -V (1Kan 5 Mal)l) s g0
9 shobon aeld) Dle ddues 5 (YooY e
s Ssalea (VYA of,an

C.\.}:\‘)LQA. i.ain:\.n.& blﬂg L) {);JJ\)% ;.Jé.\.i: O
O paliens LLS,1 s ) culla (Saa (105 Lyl
(Y Jsaa) oy ad s Galosy o asase OIS Gl
Lﬁ.‘JJlfJJ ?&AJJO*JJJ%C&?J“SJ:\J‘J ULLSQL!JUQ.A



Yo

o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

wl g Giall caw LE L (VWA GLKea g g k) wlas
5 ol (VAAY oole 5 oisle) Ssdige lse
oliie (Funy Lide 4 1) (ase slagiss cas 406
9 S5slsin s, Eole wias oo plas 1, (Saa

55l S0 b GlalS b s

1S G Sdauia
cnola ol o 5w Salicadlos sy o Sl @
s s » Sty Slasl (3T 5 Sessn
OB a3 4S AL 4 el mliis T slacal el
ool 31 oS e ol Gl S e S S 1B
o) chle gule abine Jolge @ Sla, slasl
U‘Jf“‘J ‘ﬁJLA suls Q):“:)‘ bJ‘.ﬁL.u‘JJ QL:S U‘JS ‘uﬁ‘).‘.a.o
Sl a5 Sl S a8 L endls (S a0yl s s
cat) sl Sibiadlos cdale ) o soliie Hlgs 4inea
&l Ol Pl aa S Jsare Hsbas 5 a5l gubs)
QM@%}SL{J%BNL&AJJ‘&;JEJJ&T
DY o slae VO S Gl il wn oo GBS 4 iy 8 3550
Iy o GEE 3 53 o aup e oL (sl LS @
VO G sole ol alale (58 L Jy ol sugad )
oS blie ok, layielnly ) ol ¥ e
od sule ol gls ol wla wuly culle fwly (Sila

e go byl s (SLAGS 55 panS

K plajlas juaSols glas jala dallls (uinan
9 oS el S plajled @ ol oy Jslae 13
O Ol o sl Sl Gpeas (P o)
Olae Lol cuw Wlg e wad ol SlaseSI ]
Sl 5 GR35 S g s s o Jlio @y JgoK
1 oL S 0536 Lol ol Gl el 0 S S
-l pecal paas i€ e el 5 KA sole wl 5 Llad
-t B8 8LS o i 1 el aalas w3 JT sla
(\VWV) OloKea KRV A‘)u:\.‘.u; .(Y* < ¥ (_;J‘JA) 5L
Sopad S 1) Jolae sladis lhae (il Grines
o9 aiS 43a3 slaw BT L el Siluaall (S
A0l Sl (g g (IS caal das 55 LS o dllas

otal33 6wty Glo uala dalllas ) Juals s
“inan oLS 5o JS 8 Gloae o8 Gl s (S3A (S
Ll lacul plie s3a Wi (Y Joia) ssdiee Ll
Jd&bd)&&}b&go‘ﬂbéh‘jw\sb&luw
Oiul38l Bk 3 ulse ool S Jae KA 35 Ll
S Glyuas 31 oliial o7 Yl 5 shaml Jailsy
=05eS) G050 O 5 5 oSl Jaeiliy alli b Ll sl
€ e clilia |, S84 (535 o lalS Jlas sla
Olsie o Jlb glag 35St dlie 5o Ll blia 5
Sl 4388 5158 Gl da S e sidus Gl BT
db‘:ﬂ L\ <(Y“ \Y C)‘J&AJ )LAA‘)AYK\ Q‘JlSA.AJ L;‘)]a.t)

8 oo il 53 55,5 5080 (KA D plge (A o

ouldicl v, 90 C.._:L:u

Abreu ME and Munne-Bosch S, 2008. Salicylic acid may be involved in the regulation of drought-induced leaf
senescence in perennials: a case study in field-grow (Salvia officinalis L.) plants. Environmental and

Experimental Botany 64: 105-112.



WY Jlo /Y oyl YA / SB 5 T ails 4y Olowsl8 g ¢ 53]y \lg

Ali Q, Ashraf M and Athar, HR, 2007. Exogenously applied proline at different growth stages enhances growth
of two maize cultivars grown under water deficit conditions. Pakistan Journal of Botany 39: 1133-1144.
Ashraf M and Foolad MR, 2007. Roles of glycine betaine and proline in improving plant abiotic stress resistance.

Environmental and Experimental Botany59: 206-216.

Bates LS, Waldern RW and Treare LD, 1973. Rapiddeterminatation of free proline for stress studies. Plant and
Soil39: 205-207.

Bayat H, Mardani H, Aroie H and salahvarzi Y, 2011. Effects of salicylic acid on morphological and physiological
characteristics of cucumber seedling (Cucumis sativus cv. Super Dominus) under drought stress. Journal of
plant Production 18 (3): 63-73. (In Persian with English abstract)

Candan T and Tarhan L, 2003. Changes in chlorophyll-carotenoid contents, antioxidant enzyme activities and lipid
peroxidation level in Zn-stressed. Pulegium. Turkish Journal of Chemistry 27: 21-30.

Delavari Parizi M, Baghizadeh A, Enteshari Sh and Manochehri Kalantari KH, 2012. The study of the interactive
effects of salicylic acid and salinity stress on induction of oxidative stress and mechanisms of tolerance in
Ocimum basilicum L. Journal of Plant Biology 4(12): 25-36. (In Persian with English abstract).

Eraslan F, Inal A, Gunes A and Alpaslan M, 2007. Impact of exogenous salicylic acid on growth, antioxidant
activity and physiology of carrot plants subjected to combined salinity and boron toxicity. Science
Horticulture 113: 120-128.

Fariduddin Q, Hayat S and Ahmad A, 2003. Salicylic acid influences net photosynthetic rate, carboxylation
efficiency, nitrate reductase activity and seed yield in Brassica juncea. Photosynthetica41:281-284.

Galeshi S, Barzegar AB, Torabi B, Rasam Gh and Rahemi Karizaki A, 2011. Stress and management in plants.
Gorgan University of Agricultural Sciences and Natural Resources press. P. 320. (In Persian).

Ghasemi Pirbaloti A, Mosavi Heris A, Tirgar F and Hamedi B, 2012. The effect of salicylic and jasmine acids on
phenolic compounds and flavonoids in (Calendula officinalis L.) extract. Journal of Herbal Drugs 3 (3):175-
180. (In Persian with English abstract).

Hashemi Dezfuli A and Koocheki A, 1995. Increasing the crops yield. Jihad Daneshgahi of Ferdowsi University
of Mashhad press. 360 p. (In Persian).

Hashemi Dezfuli A, 1999. Crops Physiology. Master's degree in Agriculture, Faculty of Agriculture, Shahid
Chamran University of Ahvaz. (In Persian with English abstract).

Hayat S and Ahmad A, 2007. Salicylic Acid a Plant Hormone. Springer Publishers, Dordrecht, The Netherlands.

Hayat S, Hasan SA, Fariduddin Q and Ahmad A, 2008. Growth of tomato (Lycopersicon esculentum) in response
to salicylic acid under water stress. Journal of Plant International 3 (4): 297-304.

Hoseinzad Behboud E, Chaparzadeh N and Deylamaghani K, 2014. Effect of salicylic acid on growth parameters,
osmolytes and osmotic potential in radish (Raphanus sativus L.) under salt stress. Journal of Plant Researches
(Iranian Journal of Biology) 27 (1): 32-40. (In Persian with English abstract).

Igbal M and Ashraf M, 2006. Wheat seed priming in relation to salt tolerance, growth, yield and level of free
salicylic acid and polyamines. Annals of Botany 43(4): 250-259.

Khan W, Prithviraj B and Smith DL, 2003. Photosynthetic responses of corn and soybean to foliar application of
salicylates. Journal of Plant Physiology 160: 485— 492.

Khazaie HR, Parsa M and Hoseinpanahi F, 2008. Effects of inoculation of Rhizobium native strains on nodulation
of Kabuli and Dessi chickpea ( Cicer arietinum L.) genotypes in different moisture levels in vegetative stage.
Iranian Field Crops Researches 6 (1): 97-119. (In Persian with English abstract).

Khodarry, SEA, 2004. Effect of salicylic acid on the growth, photosynthesis and carbohydrate metabolism in salt
stressed maize plants. International Journal of Agriculture and Biology6:5-8.

Kim MJ, Lim GH, Kim ES, Ko CB, Yang KY, Jeon g JA, Lee MC and Kim CS, 2007. Abiotic and biotic stresse
s tolerance in Arabidopsis overexpressing the multiprotein bridging factor (MBFla) transcriptional co
activator gene. Biochemical and Biophysical Research Communications 354: 440-446.



YY o Adpon oS 3 Suts LA Lo (sl gl L2l s sl Sl

Kochert G, 1978. Carbohydrate determination by the phenol sulfuric acid method. Pp. 56-97, In: Helebust, JA and
Craig, JS, Hand book of Physiological Method. Physiological and Biochemical Methods. Cambridge
University Press, UK, 440p

Kumer Parida A and Bandhu Dasa A, 2005. Salt tolerance and salinity effects on plants: a review. Ecotoxicology
and Environmental Safety 60:324-349.

LawlorDW and Cornic G, 2002. Photosynthetic carbon assimilation and associated metabolism in relation to water
deficits in higher plants affected by N fertilization. Agronomy Journal 73:583-587.

Lichtenthaler HK, 1994. Chlorophylls and carotenoid pigments of photosynthetic Biol. Memberance. Method in
Enzymology.148: 350-382.

Makkar HPS, 2000. Quantification of tannins in tree foliage. A laboratory manual. FAO/IAEA, Working
Document, Vienna, Austria.

Martin JS and Martin MM, 1982. Tannin assays in ecological studies: lackof correlation between phenolics,
proanthicyanidins and protein-precipitating constituents in mature foliage of six oak species. Oecologia 54:
205-211.

Mehrabian Moghaddam N, Arvin MJ, Khjooei Nejad Gh and Maghsoodi K, 2011. Effect of Salicylic Acid on
Growth and Forage and Grain Yield of Maize under Drought Stress in Field Conditions. Seed and Plant
Production 27: 41-55. (In Persian with English abstract).

Moharekar ST, Lokhande SD, Hara T, Tanaka R, Tanaka A, Chavan PD, 2003. Effect of salicylic acid on
chlorophyll and carotenoid contents of wheat and moong seedlings. Photosynthetica 41: 315-317.

Nazari M, Zolfaghari R and Fayyaz P, 2013. An Investigation on Trends of Annual and Seasonal Rainfall and
Temperature in Different Climatologically Regions of Iran. Journal of Forest and Wood Product. 66: 1-14.
(In Persian with English abstract).

Omidbeigi R, 2005. Production and processing of medicinal plants. Second volume, Astan Quds Razavi Press.
Page 43. (In Persian).

Redha A, Mansor NAL, Suleman P, Hasan. RA and Afzal M, 2012. Modulation of antioxidant defenses in
Conocarpus lancifolius under variable abiotic stress. Biochemical Systematics and Ecology 43: 80-86

Sairam RK and Saxena DC, 2000. Oxidative stress and antioxidants in wheat genotypes: possible mechanism of
water stress tolerance. Journal of Agronomy Crop Science 184: 55-61.

Senaratna T, Touchell D, Bunn E and Dixon K, 2000. Acetyl salicylic acid (aspirin) and salicylic acid induce
multiple stress tolerance in bean and tomato plants. Plant Growth Regular 30: 157-161.

Shakirova FM, Sakhabutdinova AR, Bezrukova MV, Fatkhutdinova RA and Fatkhutdinova DR, 2003. Changes
in the hormonal status of wheat seedlings induced by salicylic acid and salinity. Plant Science 164: 317-322.

Shi Q and zZhu Z, 2009. Effects of exogenous salicylic acid on manganese toxicity, element contents and
antioxidative system in cucumber. Environmental and Experimental Botany 63: 317-326.

Taiz L and Zeiger E, 2006. Plant Physiology. 4th Edn. Sinauer Associates, Sunderland.



https://jfwp.ut.ac.ir/?_action=article&au=161273&_au=Mona++Nazari
https://jfwp.ut.ac.ir/?_action=article&au=146630&_au=Roghayeh++Zolfaghari
https://jfwp.ut.ac.ir/?_action=article&au=301849&_au=Payam++Fayyaz

