University of Tehran Press

Journal of Crops Improvement

Online ISSN: 2345-6957

Homepage: https://jci.ut.ac.ir/

Effect of Salicylic Acid and Brassinosteroid on Grain Yield and
Essential Oil of Coriander under Water Deficit conditions

Mehdi Panahyankivi'®

| AbazarAbbasi? | Mahnaz Mohammadzadeh Nasirabadi®

1. Corresponding Author, Department of Agricultural Sciences, Payame Noor University, Tehran, Iran. E-mail:

panahyan@pnu.ac.ir

2. Department of Agricultural Sciences, Payame Noor University, Tehran, Iran. E-mail: a.abbasi@pnu.ac.ir
3. Department of Water Engineering and Agricultural Management, Faculty of Agriculture and Natural Resources,
Mohaghegh Ardabili University, Ardabil, Iran. E-mail: nasirabadi55@uma.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:

Received 21 May 2023

Received in revised form

28 September 2024

Accepted 14 October 2024
Published online 30 December 2024

Keywords:

Coriander
Epibrassinolide

Growth Regulators
Membrane Stability Index
Water Limitation

Objective: The aim of this research is to investigate the effect of salicylic
acid (SA) and brassinosteroid on yield and essential oil of coriander under
water limitation conditions.

Methods: A field experiment was conducted as a split-plot on the basis of
RCB design with three replications in two agricultural seasons of 2020 and
2021. Irrigation intervals (irrigation according to 70 (control), 100, 130
and 160 mm evaporation from class A pan) were assigned to the main-
plots and foliar application treatments (control, SA (1 mmol) and
brassinosteroid (1 umol) were allocated to the sub-plots.

Results: The results demonstrated that the application of SA and
brassinosteroid significantly increased the relative water content, the
membrane stability index, and the leaf area index. SA and brassinosteroid
treatments increased the number of umbels per plant (14.1 and 7.3
percent), biological (21.9 and 10.2 percent) and grain (18.6 and 9.6
percent) yield. Essential oil yield increased by 23.5 and 11.9 percent with
SA and brassinosteroid, respectively. The highest water use efficiency
(WUE) of grain and biological yields (0.62 and 3.95 kg/m®) was obtained
from the SA treatment under irrigation after 100 mm evaporation.
Conclusion: Treatment of plants with SA had a better effect compared to
brassinosteroid on increasing grain yield and WUE. Therefore, under
moderate and severe stress conditions (irrigation based on 130 and 160
millimeters of evaporation, respectively), the foliar application of salicylic
acid can enhance the coriander's tolerance to drought stress.

Cite this article: Panahyankivi, M., Abbasi, A., & Mohammadzadeh Nasriabadi, M. (2024). Effect of Salicylic Acid
and Brassinosteroid on Grain Yield and Essential Oil of Coriander under Water Deficit conditions. Journal of Crops

Improvement, 949-967. DOI: https://doi.org/10.22059/jci.2024.359656.2817

Publisher: University of Tehran Press.

@ ® @ © The Author(s).

BY NG DOI: https://doi.org/10.22059/jci.2024.359656.2817



https://doi.org/10.22059/jci.2024.359656.2817‎
https://orcid.org/0000-0003-0373-6390
https://orcid.org/0000-0001-6606-5972
https://creativecommons.org/licenses/by/4.0/

i1 J/:(:Cf op

/}( .
YFO-£A0Y (LA IE

Homepage: https://jci.ut.ac.ir/

i

29 S 19 bt 9.8 5o 53 hudg st gt 52 9 Al Sbad L iy J 9o

PR T P%

T 63U s 03150000 s | 7wl (BUT B 008 (lidly (s

panahyan@pnu.ac.ir :aesbbly .ol ul (1505 ¢y9 plo ol ¢(65)5WiS pole 05,5 ¢ Jotuno ot gi )
a.abbasi@pnu.ac.ir :asblly .l ul ¢yl 45 9 ply oKl ((g5y5liS pols 09,5 .Y
nasirabadi55@Uma.ac.ir :4sbbl, .yl pl ¢ Jurs)) ¢ dws)) 3o oKy Lanb qlio 9 (659liS oS> (659l oo g T (owdins 09,5 ¥

LRV

Al OleWb!

b bl g 2,Skes 52 a9 tlginnly 5 ol Siboddlos 55 oy Gimgly ol 5] a1
2l o o Codgase balps (> i

Bolas JolS oS5k b s 0ado B Slac S ygony clas e Gialejl i ide ey
lel) ol sk Jold ptlojl (lajlos a2l VF- e 50T Lelj Jlo g3 )3 S5 4w
9 ol Gl )S 0 (A oS pous Sis o e lie Ve g W v ((Wald) Ve ulely
2 (V5095500 o Mg pslginly g Ve deo S dpal Sl anls) (3L Jske gslaw
W4 0ol HiE o8 clac)S

b S s sl 5 L (ol sl (5 o o (dliimo (Slio &5 o ol s slaidly
9 Sl Sl (2Bb Jglone 35 Iy SRl (5l sne yolots g lgiznly g Sl Sl 8o
358k (1o VIV 5 VFIV uifa) g 3y dlasi (Rl carge eSS 0 A stulsivul
b il 2,Sdes s (10)d A/F 5 VVF i) iy 5 )Slos g (0uo)d V4 IY 9 VA G pay) gt
P b il aod VWA g YYD s pa wdgpwlgienly 5 deel Sl b Jalxe
Adgloe S| (caSogio s p)TohS YD 5 +I9Y) (s 3)8kes g b 3Shes sy ol (59000
A5 ol St | ey Voo olly (el Jloss 3 il Sl

3 p8es I3l agslgipmly 4 Cond gy B sl el b GlalS ey 35 S doesld
W bl ()bl i) s g bawsgto sl i Ll o onlplly el OF (600580 9 il
ly (Suid G  tS Joot Wl ot Sl (2L Jolore (oS (55 yiaida V5

Ay ilsel

ipgy Jie 1o 45

VFY/VIYY 1Bl s g U
VXLV 16,5050 g, b
VEYYINY 1y pady g ,U

DR TARARER e T

Zlﬁb}“g.\ﬁs

A piaslpiac]

oAb ) (slaosiiS o i
bl s

Lié oylul petls

bl g 0,Slae 2 a8 lsinly 5 ol Sl (3L Jglome 51 (VE-Y) slige cgablai o3ljtamma 5 3l ¢ sl fsae (g5 il 2wl
DOI: https://doi.org/10.22059/jci.2024.359656.2817 ASV-¥R (¥) Y5 «(siolisS ey i . oS balps )5 juisS il

@ S} gy ©

NC

ol o&isly ol il duwho 1yl



https://creativecommons.org/licenses/by/4.0/

0V ) lKad 5 5085 Gl st /e juiciiS a3 ] g 3,50 4o by syt 5 el Sl 5 Jploxo T

dodo .
SlossiS 3 5 ot LS plsieer S | sloum 55 o8 sl iz 0y 3] Sy 5 ile LS 58
Gl 1 5 aBl o Cusgle)S (LS iS5 g e CulS ojnly (LS ©jgod Ll (Brdosa ¢ dlne 4dls
odlitwl _ils lgied g olie mlus 1 ol 4l g Cgw 9 VLo 15 olS pl o5l olaasls o S 0wy S
@l 489, 3l g 305 3,8 ilag g wtul)l ¢ o) @lio 15 g ol JPld doyd B0 (gols 1S Luilel 333 o
Veoo ol 5 335 pj gdaw (YO (o )ad 5 0alS) 3o e odlitel gy 5 2lie mlio , olS ()l
(YA oS lali) 3,15 3935 Ol 4 (g yiawd it oy Wdgs ol el j3 a8 5 )l 3l

st SRS (et ) S il Slie |y ol Jpamme 3 g by it g i) SIS
oxd ez el o)) 5l 2o yd YO 13 Mg Cudgaie s 0lS 3,Sles p bko 1 ogMe a5 b o O 3gueS
Sote SOl Gla s bady) )bl Sy g 555 (i & amde g5 0lS 0 (o oS
u..\:- d‘).; ULD:LS O u.’l.a) ui Aol as <.)9.w )...’><...> 9 B8y g,‘.LCA., u] HIM AW s u.a‘?mau] 1941).“.: 9 04
(YV e oohSan 5 odljpmbis) Lib o S 5

5 &b il e gl |y olS (Sofddssd 5 (Seidstine SloShy il ol siniin (45 (sisa oS

a <& .o N R g . . .. v - & .. g . Z BRI
9 &19) A ém) B °".'.5 L)‘“S‘f ul)m o.hafuw JA‘}C )] Ay dJ.>).o 9 u’_ml; 4:95 (U Odo
Loyl ys )3 238l oyl 4 oLS A3y doeii 13 9 93,5 o 3990 ok duwgi ¢ 2leS L5 Lalyd 53 (Vo5 (o), S
SR NP F LN li;lj) Bgyee o )l g 03l cawd 1y 368 Ol bS5l oyl cre Yok SiiS i
il O Jowily il (5 @nd ol dadijy) bl cage (Suid G5 (VoY ) Ken o SNl
A gla ol 015 lee luS 5 LSt e MRNA 5 ooyl it o) Yoo g Stiuogtd Cuopur 2l wolS

A zg. . - few . e . RN ol (@ - T
g Slj) wlesioo W) (25 0325 o] gl 9 23,5 o0 gl @oai 5 (929595 Wl 5 (190liglS oSl asilo)
ML R FCOVSPR VI 2% ARPRAACONS

JB sy slrosiS wudats I oolatwl 9 (odlpas dile 55UsS (slaogus jI (S iS5 4 lS Jooo il
Wle olews dge I oolain] ciiwd pdlia g Gaeddy Cdel &S olPa slrogud b awslis > .cwl plxl
L0V sy 5 pgbie) asbies 5liyl g ol g lyianly 5 el Sl

Sl 2 g Ml (S9eysr oM milal Sy g B oS 5 S (S g)kr gl b bl bl
Joo0 39m0 cuww (>)1B SNl 308 0l i s jpf g ) sl i ke Ol I L ablas (ol o8

. Coriandrum sativum L.
. Yeganehpoor
FAO

. Abbaszadeh
Wang

Zhang
Aslani
Zhang
Aslani

10. Abaspour
11. Rezaei

©OoNOOR~WNE



)f'r“,o)le.ao)la.&‘wjmuojja“;))5w‘_¢cb)au q0Y

R o‘o;.o e . £ . \ £ - - & RN S e
Y )I )JL.A uL(bLS 9 d))lf )Jl UML» (Y'\A ‘O‘)&A‘b 9 yl.w) Do 0 (£)9w 9 Lé““‘) Y] UL{bLS
2y Sl g Ol st Sk g leasjy 0 Slas ol Lalyy 5 Lis (gl (e jolie iy il dan)l
My 5 (Suieleid sladnl s el ol 13 age i Al Slwddlo (YN ) San 7 ool owlB) 3yl

.bb)fu.o u““""" L;Lb:u;';;.? & OLQL_S <5 90 9 sl L;IDLS

2 DS A5, soaiS el 6g)S cpeniid Glgieds 5 zlstl 1S 03,5 &by 1L gl Waads il gl
290l Jolu a5 Ay SO0 Cogo Ay slrodiS el pl (VN () Ken 5 Ly S) a8 )5 s
3 Ay sl 0% ST k)l b Lid (slam T clld g (ol g Lie spipdeis o SoyS)l Sluogas
ladg pilgiswl p (Y0 () Sod o o) ol 008 ololis byl 3,Shes o jlisls 5 gl el Glisee Glals
b oosdles plalS o (85 4 Jood 000Vl jlaiedy plo S Sod slapnlyy Wil (A5 S slag
(YN (8o 5 “salsl) ol 0397 Ag ylginl

9 9al) Lhe g sl ol (oo plio )3 S o35S S g jeiS d leS EMSie 4 dng b

- < £ . . - . - ‘. - e ;

Slic I (Sp p Mgyilysnly § wl Sl (3l Jglre SIS () jolateds ingly cpl V4IV < oS
ol Ll 4 Ol gyg0 00 9 rilisl g il 3, Sas (glinl g5 )Slae ( Sits (5 4y Joos b badpe (ol

9 3 At ¥
cutlal Gl 4 e il 208 5V oS15 Sy aw RalS cledy (St 15 baulyd 0 & cuslord ()18
& 50,8 S (YIF) V" ohysl Sl 5 Tosljall s (Yo7 Y anle adlne 5 AL) sl 003 oy 5 il
o 2515 53 uild 3,8as ke JB ol Bl I O 4y (g yios 28I LTSl ol Pl sl o
P Eig KB g 5 g 9 Sy ol Ao (05 il Blio Jbsine (NS sl 003 15 gllae (g)lel Ll
(WAY (xS 5 jagsialis) wsd 5 (WAY ohlSen g 3l35)) 525 (g MalS 3 Ol 2geeS 5 Lailyd
Lalys o (Ygacdo 1) doslSibuandlo b ol oo o 33,57 (3155 (VAV) olylon 5 " y5plS ol o )l
Gyao Sy 39 5 > Guilul 3,8kos g a0 > (s St e ke VP ol )l) (el Cadgaome

0315 il 3 0o )3 VOIS 9 YWY XFIY o | 508 il 5 Sl canesyy
g il 5 5y 5,Shee Lial33l s sYgo, dua ¥ e b 039 dunsl Simallos 3,8 48 ] 05 155
(V¥ cohlSan o oalj mlie) Cusl o 1oy3 AF 5 VEIN IYIY oo 4 ety ooy o pan WL 30

. Shao

. Ghasemi Pirbalouti

. Krishna

Yin

. Ahammed

. Yeganehpoor

. Palesh

. Abdollahi Mandoulakani
. Nasrollahzadeh

10. Aghaei-Gharachorlou
11. Lallemantia iberica
12. Yeganehpoor

13. Rosmarinus officinalis



WY ) Kab 5 5085 Glodliy st /e juiciiS a3 i) g 3,50 4 sty syt 5 el Selewelowr 5 Jploxo 7

Sl i 4GS Jesd 35t 10 g piuslginmsly Cuto 13U Al 3 (goln sty oSl 3ol (VY
&S Cul OT Sl S eadplnl glowoypm Jg (W (o )an 5 (o,8b) Wloads pbxl YU (clod 5 (g9
Pl (2 Glals ) (i i Il JalS 55 A tlgisly 08 (oS Sl die) 13 (3900 slaiags,
Gk J) (V509,50 ) ddgsilyipmly 3,08 &S Kdga3 olsis (YIA) ySan 5 " tan ¢ Jlte (glys ol 00
S 5 4 jlpddien Joo di cge S| 5T clam 3T Clab 3 5 S o s ol Sl

o 035 oLS ) il g 3,Shae Linl33l g (s (S5 ) s yiodeo Vo v oboly (s )l))

g3 swliigig o

€)1 b oo ol 5 Ll sl ygh ply oS Slaiods aejjo 0 V¥ e 9 VYRR elys Jlo 93 3 ol i,
clod S g JBls SShe )b Jaie claylanl 5 Jle g S ki slapbune) ol (cbyd pdaw j 2o VYO
sl o sl Foe 90wl il il 5 35 il 4y Yo/D 5 VIA (b iy s 1D )90 Sy b 5 4Vl
P LA o WA elj gladlo gl ol (b 3 (Sl g bod 0k (V) g (V4T 698 culidlsa lojlus)
I S e bl 155 0393 > (Brae o ggame SSH (rizpp w30 i Giilefl lp] S )
sl 00 03l o3 (V) i 3 o5 Jlo 99 0 (o)lel il Jolgd 0 olel 5 (S50

VEee g WA ey slaJlo (b lod g Sk (6Kke Y Jga

(31,5 5w 4 ,3) Lod (o o) (S, oo

VEeo ADAN VEoe 17aq

vIY v/¥ Yo/ SY/A 98
W/ WY ¥V/o vo/y g3

v Y\/o WY vIY sy
A7A /s WID Iy %
Y¥/¥ A Y/o . 313 50
VY VY /¥ A J9230cd

2,99 3 Brae & ggorne &)l & o2 S5 (U O s ol s 15 s
(cuniaie) (coxa o) (oo i) S s
¥/ 05 ya/vo oIy 1\
Va/vy VF/¥ oIy 1y \raa
Y/ IV AR \s
a/aa ¥/ISA AR ¥
Yo/vy Yo/asr Ay 1\
ARVAN Vo /AY Ay 1y .
WS Y/AR a/vy \s
UAd RINN a/vy ¥

A oS Sl |y yiadee V5 g We Voo Ve Lolwly (bl cud sty iy g 15 dp oy

1. Abbaszadeh
2. Hemmati
3. Calendula officinalis



’f’rn,d)le)olyw‘wjGMUOJJJ“_;))’W‘;CQ)‘U q0¢

@l () Josa 53 35 g e 8l Yo U jio Bos | S digel (ol (o SB Camdy oy ol
ol ods 03 lis S 450 4y bgsye

Uil plsl e deyio ST plowd o (Sojd 4558 b VY Joaa

RS o SB el o . o) e L
(530 32 it sm03) i (we3) (22,2) (22,2) (o s50)
VYN (b r"?! }al Y¥ \\g Y/s0 Y. wyaa
Vit b ey 5¥ vy W 148 L ¥
o8l &9 ey S DI s o= o
(5AS refh) (oSS nefde)  (SAS nefb)  (SAS seSl) (o) (o) EER
YA «/A yay W/ o5 “IAY Y raq
iy -Ja¥ vy \BIY -/-a ¥ Y. \Ee

5 (Sd) e 480 oSS Slilas b ol WA 5 WA slaJls 50k 50 alesl sl Uoxe (e o5l
aold g gyt duw cudlS ady Cudin ghyls &S e 8T Oyao Ve 9 WA L Hles jo 58 gane S
9> alold g (myeyio jd dig ¥e 1S15) jio il Vo 3y g9y Ladig dlold ¢ o lo YO il o) o
2 sl g bl yie sl 80 g (6)US ) 93 392 3o VB S0aS6 1 oyl S5 Aol 5 e S o 1 jglne &8
EioghiS Sl 50 gy GlalS asly l (sliile)S 03g9) 5iS Hhh d Ll 4l plysas otilef] ol
Wos W s ciar pgd 9 Jol Jlo o byl il o ailate ol 3)50 5 (050 0395 &4 23,5 agd oliile S
WA CuiS jie Dl dw U 9> Bes 4y (ool )0 slocuiigu)|

dy) )bl Jeolgd s T2l 1S5 dw b (ool JolS (slacSsly )b aly 2 01dd 3 (slacs S Ogody ilel
Jels plgisas (A oS e St ) s yiodee V8o 5 W e e el ()bl s e g Iy
o5 slolegi plyisar olel ol plo g (G 35maS (15 o) wsllae )bl Clsisas Iy )bl o) Ll
- o) (Yoo ) ol Sl b (3L Jglre 5 (WM (3 5 o)) (s 85 a5 > Ol 5ga8
(eibd) 22l 5 (YOIA (liSen 5 " ton) (YpagSan ) Mgpimlinaly 5 (VA (oylSon 5 ' Slisls
g Pl (oS (S iy abs yo) braalS JolS 1l I oy S5 ad 485 s )3 (08 ol lyicas
9 ) sl b plowl St I s ke g Jlainyge slajles il ilejl lasly ool ol Sl
5 Sl Sl (L3 slore o JolS (oSl Gl luebl slaieas LIS a0 Sy (Sne) ces
5 4550 4 dudyss )95 adtene G 31 15 5 395 e s 2 5 (VA ollSen 5| IS o) g alyival
¥roosgize )3 (8 HLid byl Co J3U b slasels (s (tlmas b ocudlis dg2g 0L (2)g S plaglej 5
olodld yo pgd dow ;0 S Cudly p b ploul wd Cygods 5 Cug Xy 5 sladdle gl pbdl Sl
)5 Oy g a8l s 3,5 4 ] 5 g 2329 ey WIS Lol (sl iz o lej Lo

2 g gy 3l aBlaneg Gl Sy dz 4BOY Cels Sl 50 (25 100 00 dlspo 53 (gill plil U3
15 IS 505 00l S5 Sty (sladasS S 53 5 03,8 L iy ) WSy ol 505 lsl &8

1. Ghassemi-Golezani
2. Hemmati
3. Ghassemi-Golezani



Q00 IKad g s05 LAl (stgeo [une juiiiiS Wl il 9 3 Slos gty i lainw]ss 9 ) Sl b (il Jalxo )

3 oBtalegl o ad Jatie o)) ) ply olKtily goges csl)j olSitlojl 4y aloldly 5 ad )5 )15 gy S
S 31 50 ladigas s 5 13,5 e Lol 5 (39 9 45 45 jllen (S Sand Vo (DS o 4 bgyye digel
oS o)1 5l G 50 0303 13 31,5 le a0 F clod 13 g S0y )0 el YF Gdody g 0 Ay, ot
P A e S ool (g a3 p5 Jleted b ISy e (3903088 Sl g g 0208 B T 1 S
Sid 59 ales ) g 8,3 13 01,S Sl a2 VD led b gl pd el YF oty Sy slacSiund dn dls po
100,53 ookl o abaly 51 Sy s Ol (Glgie yond (gl el Canday lndiges
RWC= (Fw-Dw) / (Tw-Duw) X\« + () akay,

(8 lSan 5 ) 2l e 25905 elel (339 Tw 5 S (359 D w03l g Fu el 2 5

2 43,5 dygly e Ol (19)0 & Sy slashes 51 15 dlge (S pSUl colin el L ()luly (a3l
dof o JBs 3 pluSya g ad cnj @8 a0l S (e)S /) Kged 93 (4dS (BAS woyd B0 alsye
Sodody 31,5 Bl a2 Fr (glod b gl )3 Wiged Sy e (285 )15 el L g3 O il e Y (gl ilojl
Colda g A58,5 1,8 (ECy) o5 ol anpd Voo glod 0 alds Ve Gedy pod diged ¢ (ECy) addy Y-
Chauvin Arnoux P01710020 Jae) S0, mwcolan oS b bl 5l 6 o s dlge (S5 S)
A dbre (V) alaly b Lie (gylul (adli wb (6,800l (Sl jais” cale Conductivity Meter
(Y152 o)) S g linlS o)
Lie (o)l yasls = [EC/EC,]x V- - (V alaly

o A s Bl I Sy 5 Cbal &) o She o) 5l Bolal Cygod dig Ve Al dlsye )
(15 0] yguiS Lo LI-COR, Model Li-3100C Area Meter Jio) ziwSyp paw olSiws I osliwl b Sy
b dli olS Lawgs 4Bl (Adgy (oj Colin p gy S o el b G S haw eSS b (S ol

Mas5 g gy y> yix dlias g b cudlyp gy Vo dnlojl sl ol cails 5 Shoe (glin) s jolatedy A3 0,90 LU
Vo )5 g il ot A0S Cud dig jd ab ol g b oy Sl g o cladil w35 iled i ey alb
bsks | gyeyie S slodisy 3,3 <o o lin ojs lsisas gl g 0ile 5 Ghled 5235 A (liso diged
5 B S il glod g b 3 g Ld Cudildy 5 paS Al g ) 3,Sles (65505l gl ulejl sy o Sle
il 391 203 VF Ly (S0l plSin 53 badily Cagboy doyd 385 I o] 4y b 503 oS oo 385 ) s
039 958 b oyS i s 5,Shas g b 03l )5 31,5 Slo a3 VO glod b gl > sl FA oty ol sla i
w058 duolre 35 il p (et @il 3 Sloas g ) 2Sas (635050 5 g Ay il

D91 oo 45 Ay e 45 Olawl olSud dladsme jd iS4l p)5 Voo il uilul Moy (S0l jslaieds
Jse) pslS ol5mn b g o o bl gyt (68 il 303 Ol 515 (sloals (e 5 15 4550,
YU Y/D dgs )0 diged o Guilul zlsl oy Job .cd )5 ploul (LSSl a8 sl British Pharmacopa
)5 dpwls (V) dasly 5l aly uilwl (559 duoyd 0l zlyscil wolul 565 5 s 9 990 el

) bl 5

(Pl odle S (55
W35 duwbre &l 3 Sl lwl dopd G po ol 1 uolul 5, Slas

1. Ritchie
2. Ghassemi-Golezani



’f’rn,d)le)olyw‘wjGMUOJJJ“_;))’W‘;CQ)‘U 401

(lass 2 o) SB00)50 (lime & s ke by Sl g Jlesd 2 (Golel oS sladigy izl ey
Sl e 0,8 oozl gyll byl (38> Jlos! (ol Sliios aeyie ) oddans Of HguS 5l b el
5 o3limle) 23,5 dnslora () alay 51 52 sy il slajlost 3 ol 51 aye 2 53 5 &5 2 53 (b yuas
:(Y‘Y‘ ‘Ul)&&
V= (GFC - GSM)' pbAd (\c dbl)

Sl 5 > SB Cugb) (S5 dopd Osm o sl); Cudyl a0 SB cusb) (Si9 20yd Bpc celally ol 5
O p colus A g (caSoyio p p)55kS) SB sl ogase 0j5 Pb (y50) adyy aswgi Gas d )l
A8l on (@20 550)

4e)ie (o3 3 &lg) Jed)) S ol (wlidlgn slaosls jlolS a3y Jad (b G5k olise
olyeds 18y Jab Jsb )3 (SH)k e g Slel O e ggame 9 035 glsil Sliiod oS (Sl
Gl 51 38 WUE () i ol (509020 9 WUE (g @ls Ol (59000 45 dnlone 05 0,93 13 (B pae 0l g0
(Y eohlSon 5 o0ljpulie) 03,5 dnsle (£) 5 (0) sboala

)
WUE (g) = —— .’ﬂ"‘i (0 e,
Aoy 0)93 )0 (B pan ol Eaeme
WUE (b) = o e (5 e,

by 0)93 5 (Byas ol ggeme

Sl caSo i e 05) 0393 )3 (Brae Ol ggerme g p oS cans (i 5 4 3,Skes clalyy (ul
iy 9 Wb Ol oy Cales o 5 2,5 )15 eolitulsyge oo Lailg) 1> s g > Ol (690, Al
S S S yile 1 p S kS e

Bgi yrams] =89S 5alsS (1505l L modls (gllas uily)ly (B1giSs 5 e ley geil bl w328 ) e
23 pingk ol sl @i g Jley 31 S el onl @IS & (V) (yKen ' pll) 85 plos
23,5 ooliwl (gylel (gla Jdow 5 4355 (gl (V) a5eus) SPSS g (VY ascus) MSTAT-C clalsle 5
Pl do s gy glas Jlis! pdaw 15 (Se5 ysejl obolyy s MSTAT-C Jl5dla,5 51 ookl L baosls (5:Sikie
ROEK

ooy sbadl . F

Jl 6. P

lbylip iy g g yiz p> 4l Sl gy )y S (S o GaSLE (B) 5 (F) g mbs oluly
Jlisl s 3) ()l sine psboar s g b (slodShos ululy Ol (5y90 000 5 bl o) (gt 3, 8kas
bz yobodr (YIVD) el pod Sl > Sy s (aSls a5 3 Jlo ol 1,86 coo (1o)s S
Joh Jlo 5l 5ot 20> YN (215 pg> Jlo ) €2y jiz 3las (Y J2) 390 (VIVO) (elyj Jgl Jlo ) 5
(V Jsi2) 392 Siie (1) Jol Jlo @ Camd o)l gime yobar g Jlo 53y p> &by ol (Y Jgaz) 92 (5

1. Abbaszadeh
2. Abbaszadeh
3. Palliotti

4. Tukey



WV ) Kab 5 5085 Gl (st /e juiciiS a3 i) g 3,50 1o sty piswliyisanlss 5 el Sl 5 Jploxo 7

() Jgas) 9 03l s Jlo ol 53 paas (Sid (iS5 g Jgl Jlo 50 paclusl olgmgol balys 4 sy o oS
0ig Y Jsa2) 39 (WWEIV) (o5 Jol Jlo 5l 5o o3 isine sobas (WA (o)) s Jlo 53 &5y il slass
sgbd p9d Jlo p3 gy 3o (Y Joa2) S92 (o5 Jgl Jlo Jl St 0> YT (o)) poo Jlo )3 4ils)lse
5 ol Jlo > paskusl alsmgcl Lalys & wlgige o (V Jga2) 35 it (o5 g Jlo 4 o (5l s5me
sobods ((IVAF) (elj pgd Jlo p3 (bl wops Y Jgia) 295 03y Cons Jlo cpl 3 pauad (Swis i
odlo i 5 4> S okS ey O Bpan g0 Y Jsi2) 292 (+1VFF) ols g Jlo 5l 5t s)loiine
iy 9 4> 3Sles bl OF (6y90580 0t 05 dnmlre (e O caSogio o (gl (sl Sis
gebuneli 51 (28U (sl Jlo )3 5 (5 jop o Yleas] a7 culy (3l pg> Jlo > 4Bl (90 LS 4

() Jgz) 2k pgd Jlo & Coas algmgc Lyl

B ylowi 00lw o i1 3G .Y .F

ST WGy .Y F

oty as ljlip (59 gy g 5 5> als Sl iy )y olass oS o (eSS Ll o)l gl
olS (gly oywd B Ol ials bl de3g ()b dme BB dojy S Sl paw (o bl Joys
slog b 51 5t el (1) Jsl g )3 (F/AY) Cio ol (ke 25 lag 2l 51228 S 2 o 2315
Slow 53 gy > yin st 0,8 gl olS (el wyd B Ol Lials b aigy p3 i sl (A Jods) 290 o)l
i 3,5 e i )3 Al dlaw ke EalS @ oS Wi (A Joda) 390 |y Hled 5 508 o yd TV dy
Jolgs iol33l b aigy 5 il slaw (pSke (A Jgin) 390yt (6ol zolaw plo I (VYY1 Jleas 53y 3 4l
Jol e 5l 508 2oy OFIY 5 FYIY AU Cul s Ggs 50 &l slaw Iy g Iy dy glajles )3 il ials o)l
oS 2285 539 )bl zsba plo | St lne s |y Sle o byl jg (A Jgiz) 232 (1) )l
mhe Vo alol L oadigylol (alS 4 (s 3,8Mas (it (A Jsi2) 4055 e iS5 alblie gy <l
Gxo YEIA g SYIF NIV iolS 4 poe o duo V8o g WWe Voe oy lalS o)lol g bgyye s e
ORIl b 5tS b puilul wopd Sl (A Jga) a5 e (1)) slhe ol b auglio 3 ) 3)Skas
<l (Iy) O dgueS was i balyd )3 Lol 0,8 by il 381 (Iy) juses yio oo VYo alold b (o,lol b (Lol Jolgd
(A Jg2) o9 1y slosd 5l st 203 YOIV dy jlos ) il dop> 28l

bl W36 .Y .Y P
5 4l 3, Slas g ;D Al dlax Wigy  yiv dawd (S maw aSls « Sy s Ol lgie g b Jgle il
b o by 035 s 93 y8 3,8 kel Cewdady Yo gixe duoyd SO Jlein] paw p3 bl 3,Slas g
355 ol |y S i T (Slien 15 rohSanallr b (3l b Ll a3 32255 s o (slyne
5 Sl Sl U il Jloee s i o M5 ol > 1y G A3 VIR 18l 4y o 5
5 el Sl b 3l Joone (Y JS5) 05 osalie sl a5 o5 foisine sl g sl
bgloe b colal (a5l oyl gxe cglis ¢l dgmg b eols Liol331 moys AV sali 4 s 1) 4SSy e
s (lbl) 1ald & o |y 5588 30 5 2 3005 (8 Jpbro sl A Jpz) bl sy vl



)f'r“,o)le.ao)la.&‘wjmuojja“;))5w‘_¢cb)au Q0A

o 45 38 ol Sl b 8 Il 51 3 (V- 190) 55033 20 S 305 51> St (53500
Sl ime olol glds g ytalginnly g Sl Silowdlos (3L Jolote oy s lis ialiél Aoy WA sals 4
@ Cams 45 Lol Canddsy Sl Sliadlos b (5 Jglomo does 5 a9 50 aild dlawi 5 i (A Jgaa) cuslis 3¢9
gy WS gyl g Aol Sewdlo b b Jalore (o)l zolaw (yo b lis (il58] aojd VA sals jles
lol s 5xiS il 3,Sdos 3gu0s capw My 1S walatd 93 42 3,8 (A Jgin) s samliie (gylel Jas 51 g,l5 e
ol 1y Gl oy VAR sl 4 Cand oS 0,8 adgi 1) b Jaazee (5 i Sl Sl b il Jaloxe
(o) JS5) szl glel i 1 oo sime iglds a8y stslgipanl s 5 ool Selinadlos (Sl Jloro 2905 2] Co
305 & o 95 3500 1135 1y (58 53 558 VOA-) g 38hae ot it SpolSemlo U 3L oo
A )l ol Ay pslginly 5 Al Slpdlio (8L Jslone S S92 VVA ) Cdio ol (5650l
0L 2y o 5 15 ooyl Kbl o ot ) il 3Shae 5 s A U] 25305 5
Solsime s)lel glis 439 talginl g dansl Sl b bl Jglore oo oy 0l (L5 QI8 Aoy VYUY

() JS8) el sgeg

B jlowi S 9 0 31 Y F

ST <l Jiliie 5111

die ylul padls « Sy i Ol (g p ol xJlo Jlite 51 40) 5 (F) sladsls mbs ol
Slgoo wlS (gl oy BB Ol Lials b inlejl plosl Jlo 93 pa )3 b3 b dxe uilel 5 aild 3 Sles
Mo 2 ool & Sy s Ol (sl (5 S sboas (Bl il (g e jobdy Sy s
Pl Jls 95 j2 53 (P Jgi2) 08 Iy pelaidl sops YEIA Sk L pgs Jlo 53 () wogllas 5l
oi Sl bl s ogllae (6 )kl Jlag b anlie o Lis g)luly (el Lials 4 o (S 5 o]
4 Xl & (F Jo2) 39 55k po> Jlo a4 Cond ol Jlo 3 Lie (ylily padld ials Gl ) (Suts
Pl Jlo 53 58 50 09 02l s (V Jgaz) Jgl Sl & s pgd Jlo o 2lgmoc] poglls Lyl
Pk A Sysbd (Bl JialS (gl ine jsbody Wl 5 Sles 0lS (gl yted LB Ol g2l L el
polaisl JiSe )3 £ SolS VVIE :Sike b pod Jlo 53 (1) wsllee gl Jlogi 13 plalS & 4l 5 Slos
st bl 5)Slas wlS (sl wymes B Ol GaalS L ol ploml Jls 53 p2 3 (P Jgaz) 28 lag
ps> Jlo 3 (1) wsllao (o)l Hlaws 5o LS 4y uilul 5 )Slas (5t 4S5 pgboty a2y 1ol ()l e
(7 Jgaz) 2,5 I polaid] LS )5 pSolS FIVE (ks L

b gl x5 T Jliio 431 .Y Y .F

I tlslxe Xl Jlite 1 b cov iy g @l 3Slae palulyy o sy i ()l pasls
Mo (35 g (1)) wallas (sylol Hlas 53 A lgimly g Mol Sl b (b Joloxo (0 5 ¥ (sla Jgie) 238 )5
2 Al Sl 0304 5 L) goosiS e cpl Bl Jg il i (g)lul a3l 5 gl (Iy) (Sas
oy Ol Bpma (6y90500 cppotar V JSB) 292 laidae Iy g Iy (ylel slajloss o Lié (o)lul (el 33l
(F o ¥ la JSCo) wel cundas Iy jlawd )3 o)l cp e 9 Iy Hlows 50 a9 43> 3,See



104

Olad 3 505 bl 54 e oS 403 yuilos] 3 3ySlos s bl pslyinatp g | Selswlos 13U Jyomo 5]

by SloodiS oty (bl Jsloe 5 (5 lel cilises oo 50 35 ) gy 290 Slio uily)ly 4jo5 & Jgur

039 als slass als slass yoola  Lasld ol ol glgow ;‘i yoii 2o

ails,ls» ot P >0 Sy Spghe Wil Spges

¥y YA-¥/Y ¥ NS Flga NV £5l08 ™" o/ ** \ (¥) Jo
AR Yay/AQ A7RRL VA¥Y AN 1V/2) MY i (RIY) Jlo 5 51,85

ov/yey ** AR A OF/A-Y ™ av/ass ** VAV VAY/ab ** Wy Y (1) )l
/o0 AARE RRS RS ofeey WY <J¥YE ¥ Yx1
ofeey TYNE oy <A ofeey VeeY o[-x5 Y Lol s
<Iyys Yov./y ** AN Velony ** VAN £¥lov ™" VaF/ay ** Y (G) My oauiS pudats
SRR Y/-0¥ ofeey ofe¥ o[-y -[-¥ -Ixy A Y xG
RS YE/AYY RN <IYAV o[ox¥ YA AIAR) 1xG
ofeey YIAAD ofeey o/ ofeen RN -I¥8 i Yx1xG
-I¥V¥ £AO/YY VioeA ANAS o[+ A /o FIEY Y o sles
i \WAns /0 Vo /AD AV /¥ /50

- (3053) Sl o po

Aoy Y 90 Jlainl zobaw ;3 )5 gxe a5y

Sluyw ilbe o
R Ol Sy bl O o 38hes oy padls 5Sles N
st 3,5 hos &l 3, Shos ool bl bl e U
<Ivys o[y A AR Y Y L VAN YAVN SV I £ S VA (v) Jlo
-fovy ofeey R\ Y P SR VATV AAVYS/A YY-I\§ ¥ (RIY) Jlo 3 51,85
Flay AN AA7A0 SRYA A VR 70 AV NN s RVN Y24 /A SN 47N\ 70 S (1) ol
JRRRRL fovees ) DAY feeey L oF YEAYV/S YYAY/s ** ¥ Y x1
ofeey [eeeey YA efeey -/5¥0 Y¥-20/ ARAYAYS WY ol slas
AT S [ovg ™ A7RS\ SRV § SYAE YRRV T YOESYA T Y (G) Ly oaiiS by
ofeey [eeee¥ LYRES YRR AREERVARVA ANZZA) YV 5¥ Y Y xG
[-a5 ** ooy ** [vs ofeeny YANY \YYASAY Voo Y/VS 5 1xG
IR [oono¥ R Y R AR O AV W/eeo 5 Yx1xG
3y [o+o¥ AN A2V P S YA\ 2 av-¥\/ FYVIEYY Y o sl
YIAS Y WYY #I¥Y W y-Na #I¥Y

- (30y3) Sl o po

oy ) 90 Jlainl zolaw )3 5 gxe a5y

)‘ I P90 Slow d‘)) [FYSIS) U‘*’L)lﬁ

w0 @l ) ol e f s ool 42 gt ceay

Gy blas (o)l sixe g 0 ool (ygejl 05 g Uas (ool dnyy ialiil pelaieds | ey8 o ol (sl plio
W ol (258 9 uol sllas pledl ol was gles uloly leo

Ve 5 AR elys Jlo 53 55 el il Juolgh )3 5505 gy g0 i Siko aunlis 1 Jgu

ilw! 5 ySlos 4l 3 ,Slos Tl s LS 5 o elgn .
o ) . G O S S5kl ol 155 Jbs
(U2 3 0,55k5) (LU ,3 0,55k5) (o,9) Wi (30,3) Sy
Y b SYAIA D VY/oA a Ya/0A b n
vIYao d Fos/A d YYN\S a YY/AY ¢ v
y¥aa
Yo e Y f YR SOIAY ¢ v
VYYY £ VOAIY g SYISV ¢ 54N g I
FIVEY a Y-Y/5a YY/\Y a YEIVYA a 1\
YIVYY ¢ IR YY/SY a Y/AY b v "
YIYVY e YSVY e SN b SYISY d v h
VIFAD £ WY/ g SAYE b SYIVY £ ¥

_Aw%&mjlpq;ﬁgf Ve g We ee e oluly )bl cos il g s d d
(S5 0905]) sl 8ioyd 0 Jlois | o )3 o gize BB D pie JSLES (gt o ) dliiio B9y

1. Pooling



’f’rnﬁ)leéo)wcwjMO)}J«&))’WGCLU‘U ﬂ‘l’
500 - 3.5 -
P b a . a d -
L 400 > i
1 ¢
4 60 % % 2.5
2 2 3
550 1 2 300 + IR
bao | 3 9
\530- :):200_ \\;&1.5-
) 3 g 1
= 20 1 100 - =
10 - 0.5
0 - 0 - 0 -
c Br SA c Br SA c Br SA
A5y (elbodiiS melats & STy 15 3t () Leilesl 5 () b 5,Slhas (il 5y oo O (slgioms lpsis ) JSUS
el Sl g 239 stalginly (B Jgloxe 5 20LS e SA 4 Br C
(S5 905) Comnl 2o )3 B Jloin] pans 5> I xe 3B [ S5Lt5 cgliie Lig >
Bosle Boggilil, Mol Sl
80 i a a i a a b abc ab ab
70 cd
— d
3 60 |
% 50 |
ER
3 40
4 30
g,
10 4
0
70 100 130 160
(o skeo) 5 bl Juolgd
Ay slmoniS pulas & u;"..;flj 5 J)L.*.%T aliseo 5914,..4 2 kS Sy sl gyll ua)Lu Y USSS
(S5 0905]) ol 2oy3 0 Jloas! prdaw y3 45 sime BB 5L coglie Loy y>
Voo g WA elys Jlo 93 )0 uidS (o) pdy9e Slao (:Sle duslis Y Jod
1 ¢y90 { gy90 >
e FlEntAe Sos 039 Sasy Sy Slasy ™
38es by 3 Slos lwlyy o) ) . . . . Jls
_ ) _ i . _ ailyyls &l aild o b
PEMS) Gumt; e SS) Al pulel  p30,54ks) : . ) ; - «=hj
(oo . S (f)  Spp  Jap  Lmp  Sp
S iy (S0 yio 5 ()
Y/AYA b <[¥VY' b DAz YYYY/0 b /2 b WSV b \WYW/V- b /4% b Y/00 b vaa
Y/AM a -/6-9a -IYa¥ a YYOY/Y a v/-da WA/Y a VYN a V-/YYa YN0 a VFeo

S5 09e5l) sl 8o )3 B Jloi s )3 I ime BWS] 3529 i KoLt (gt yb 5D ailiie gy

Ly srosiSpalats (3L ol (slaslass 5 6ylal aliseo Juolgd )3 54038 )3 oy p3y9e Slio (1 Sike A Jgaa

oy o § 3 ,Sdos &yl 439 EHERREY EHERREY JrOIRES] oasla L oty
ol (65 )3 0,55k5) (#,5) gty R g Sy g oo
«[Fovd YAy a NYY a VAA/Y a VF/VA a VY/5Y a Y/AY a 1
<IVY- ¢ Yee¥b IYARN) VOY/Y' b W/¥4 b WY b Y/Ab 1y
</AAY a VWP e oc VoVidc WA c N ¢ Y/ay ¢ I
</AYA b AAY/5 d o/\Y d AY/V d Ve/VY d V/¥a d Y/X# d I¥

15 01218 ilas
<IVSY a YWEIY ¢ £/ a \WYWY/S b \Y/05 a /Yy b Y/db Al
-IVAa YYYY/ b £12¥ a Y/A ab WA a a/aY ab Y/5¥ ab A9 yulisl
<Ay a YOA/Y a v/-da WY/ a \WW/e¥a Voe/FVa Y/AY a Sl S o

A NS Syl e e he Ve g Ve Ve Ve ully oyl Cd gt g 15 dp dy
(S5 0903) conl 2oyd 0 Jloss] grdans )3 I gime M| SILES (gm0 yb 5D ogliste g >



WV ) lKab 5 6085 Glolis st /e juiciiS a3 i) g 3,50 4o sty piswliyisanlss 5 el Sl lowr 5 Jploxo 7

= _‘ds,_ﬂw,_ﬂw, - Sl

0.7 -
§ 0.6 1
3
. 0.5 1 § ef &
% h 9h 9
0.4 1
11
i \% 0.3
a " o2 |
2
‘_'A‘t 0.1
“
= o
100 130 160

(ooleo) (5 5Ll Juolss
Ay L;Lma)&;fm.léﬂ kY 01;;519 5 d)lﬁg’\ alise C?J““‘ 5 )Mf 4l J/&lo.c G gi (529082 Y Ji.w
(S5 0905]) ol 2oy3 0 Jloas grdaw p3 4o dme BMB] L5 cglie oy y>

= .\dg)_.ﬂ,.d\, L JEGU I 1 T | T

1T

100 130 160
(ko) (5 5lntl Juolgd

(S5 0905]) conl 20)3 0 Jloin grdaws )3 4o e BWB] LS cigliie g y>

»
«

£ hS) (g o Shos oo 0T (690 0
Sayia p
o N N w
o 0 B N OO Ww 0 b

OF 70,
Sl lgime Jials a4 (i Gl sl Sy g0 d92se Ol i Sl Sy and f lyie &5 ol
LS ook 3 wlel Jlid ials Slis (B Jgs) Ol Codgdme Jdday Sy Ol (elgime cdl 00,5 e
@b QLS » (S (i luld 0 Sy Ol asy (ialS 005 e 05 alS 4 el nl 5 2l
sl Sl Yo > Sy T lgiee alial sl ks 3 g (VoY (Lo 5 edljels) o)loj,
SloiSs 2025 b nized g obS ) b 29 dndie) 3,8kae did ()l odle ol b b Canl S
5 o (VoY oyl 5 Tosljulie) il LUyl )3 () o sl 5 syl 5 s (55Usl5) ol
Syl o lgieo (talBl Bosbo ) (Y 505,500 o) a89 tulginl 3,0 45 20,8 518 (VA) olSan
Syt 35 5 VO 3l clld (splyr 93 Lo Gl g (2o VF g0 3) (g e oy YV 3925 1)
Fodee Voo bl (o) (SiS SE5 4 slepadnen Joo8 290 s (10,0 YA 2900 3) SUis IS 5 Slae
Cawl 0 0LS cpl (do )3 YA dgus 1) sl 5, Sles yiol38l ¢ (juses Sls I juses

S 8L (F Joto) Sy ol (o gime (ialS a3 Wl oo (Suid 15 Lulyd 3 Lie g)lul sials
Cuwd jl 1) 393 Cans Cbls Jobo 9 03,5 (gl5 igpm & Jshe Ulgiome cusl (Sae dinn doto olowdly slis
Lol > lalié o8 038 o a0l 1) 5 ol el (ol Jomsliy 13 Jolome 23l & s lalité (5 dg sbl5 A

1. Rosmarinus officinalis L.
2. Abbaszadeh

3. Abbaszadeh

4. Hemmati



)f'r“,o)le.ao)la.&‘wjmuojja“;))5w‘_¢cb)au Y

s 3958 Gk 5 el Selinllos 3,0 (YD (o Kod 5 i o) Sgd e a5 LSS AT
ol g e Lid e s wlo g amd o bl 1) 55 5 glaST clacawl LialS g Sl sl g el
(YA ohKan 5 gl w8 bain |y Lie coadlo siilgio 45 am3oo Lial3dl |y maedS (elbiys 2a2 (y0y0n
23le (a1 5T S 3 Called T3] gy 159 plginslp 3,0)15 o 0338 )15 (Y4 VA) oyl 5l
sl s lize 5 lowdly GLEE (apulipnSlyy G o laguSTyy oSl 5 VB Glagusly
ol oMy slalid g )luly (l3El ol dom o g o

Sy s Sl e lplly sl Sy pans s Bl o 3B GlalS 50 S Ll 0 oS laal B ) S
Ol oS Ll b agalge 3 GlalS & cusl (B5lo hg) S sk S isb 5 e SRl oy
US5) 5y oo T (glsions Sgats 4t danal Sidomdlis Jlod (65550 (DY V5 ¢y, Sas 5 " SlialS ousld) dimd o
Coge sl Sl 3,58 Canl 039y 3AS A5 bulid ) ohigar (¥ US) Lie o)l asls o (G
o a5 Sy Fote Mg 4 oie Colos &S b 2l dlge 5 Ol St Cl g glady) el (oS
@a.w u,wl)sl 9 H}._e dguby o 5&«49) f”")"] M.Jl;e LJAJJ])B‘ l.’ M‘ML» FURREI W u,o)l)f Dgud o
(VO () San 5 °55L3) 33,5 o S

Ly class)d ials ol sgeS (i Lalpd )3 dgr j0 i olas il bYs 5l (SO &S el os 3,155
Sblae 1 (S ol e3gcun |pj cunljpils Jole cpl 1 (86 olS St osle pliee il coles )3 9 23, L
Aol Sdls 55,8 (Y2 ), o ;U..L) il o Jaowe )b gloil 4 olS (iiSly st 0 (030
2lod S olr o lag 2o I ladijgy (ualaSS b g lajgy colin did (goluly SRl Gk Sl wlg e
s 0 b ol g i ol e 0 Slas gl ialS l gitinsid dlge g s Cas s il b culed o g
Sl oiSike ialS s (K8 G5 &S 38 Pl glaallas 5 eizen (VWA (lSen 5 "5l) alS,
5 3,Skas (gl Sl i ol siie Sl Lo b s stasliasl il Jlre Lol e ooy 5,5 ails 3 Slas
Y ) Sen g (5,05 iz g |y aily 5 Slas

Ay pae g 03,5 slaaily  Sawlu NS Sdp0h o Y5 51 a8 03,8 g p3 ails sl ialS o Sid i
S g oliw i dlaws  Siid i (VN ) g A&la) Cuol 03y ials 1y i 3> dild Sy oS Canl 03,5 (sladly)
(VN ) San 5 g5lpe) Cal 03 (28l 35 1y gl &l 3,Skas o &5yl 5 oSy o &l ol >

Slie g stwgnd Caopw « Sy aw g A (F Jgde) Sy s O lgime LialS Gkl (Sis i
2 b ol (2S48 dety b sl Sondlus 35,8 &8 cawl oas 5,155 (VY o)) Ko g \umb) dgu oo
(VY (e 5" 5ail50) ol 03l zalil dald Jlas 4 s Aoy Yo 3gis 3 1) 3438 S i

. Ghassemi-Golezani
Shao

Anwar

. Ghassemi-Golezani
Shao

Palesh

Shao

Wang

. Mehravi

10. Palesh

11. Yeganehpoor

CoNorwNE



VN ) Kab 5 5085 Gloliy (st /e juiciiS a3 i) g 3,50 4 sty piswlyisanlss 5 oSl 5l Jploxo 7

slodygl b Mg ol WSy slam el dadijy) bt cdeay el JIoS balpd 50 aiblie iy pials
el olS ady Jobo o (Sitd ulul ol bl (Sjaml mlal jglaied JI OS5 Bpas g (sitogd
5 \&19) DS o e pSosS el g nS b g 4 g edb Eals 1) a4 (siiwgd dlae jauass
i Sl 05 a4 300 Llel o 5 Laulgl 55 (slngy L il (0t 090 Gl el 1 ogMe (Y41 o) Sen
ol odd e S il )lia 59 8l g ls adp 0,93 b olgS Ay Az 3 g S LS

olS < pizpn 335 oo COy il ol oo gy () & Wb o i b Aludoss olS (ladjgy ¢ oS Ll
sloodygld ag cdl 4 iSly cpl o od talS ) Sy olas g 038 GBpae sy 5 Gl el
4y Joasmo LinlS ] dons o8 (VoV+ (o) San 5" i) 33,5 oo yocio Waails 4y dlgo Jliis] 2alS’ doeyisy g (6 wgid
VO sy 5 Tpgenbi) il s oS 5 (sl Jolh A b sl Jpame il (5 Jg)
b o by 4y (g codysl b 5 ke JWs! b Yies] @l 3,Shes  del Sileoudls cato i1 icand 003 L5158
3l oolitl 45" 353905 il o] sl Laipo (Y VA) o) Kias 5 ° SHinlS cansls gl b atdly ] ol Loy (1055 0593
OKed g SBg ol .l o2l [isli8l (gl pxe jebay dald jlew 4 s 1y al)lia 5 Gl 0 Sl Sl
13 JgesS 3185 {1y BYIA) IS by S (slyiome il cvge amoaslis ST 51 )] alab 4 55,8 L5)J55 (VF-+)
& g (1o FYNY) (Soiedsn e (o pd YY/Y) aibjlia 59 doyd £F/Y) dig 50 dibd dliwi (duo > £Y/V) gy
b g piawlgimsl 3 30) 8" Lol e (650 (5oL (duoyd YOIY) () 3 Slas 5 (duopd Yo /A) cuilyyy adls (o YY/0)
g doyd VVO) &lyylia 59 g (Mo pd VY digy 13 dils dlawi ko (o pd VYY) IS Ldo s clale  yil58l
ol o Siid i bl )3 (6508 (555U (Lo pd VYY) dils 5 Slas dgup0

S bl T codgasme balyd )3 Mol xeo cunl (b (6555] B pune Siojls byl @ess g 455k oMol 3w
» Seigasd Saind G sl Sl 3,08 (Y1F (oSon 5" M) 33,50 rie s ik 43
8 dyo J5 0 YO (o iSan 5 gl (o) ol 005 21555 )3b lager G s (S 15 L)y
el o 1bl Joho o)l 5 0oyl ST Bl Clled oty sl Sl Gpaae S 5 s 0,Slos Sl
2 ohet QLS logn (g GRIE > (Jele Sl o 33 nl & 39500 ol 0> s > (S ke iul38l
5 el S ] 5 a5 3ol 5l Jitogis iy (VI (o 5 S o) il (St 5 Ll
LSy VB (sl 3T 0diSudy (slag)] ol ot Ao | or3l 3 g ool (ST ] i 390
OFP P 095 Gl g (Std (15 B s gl g gty 5 31 SlasTyy gl 5 Sigeunss
{FoYY (o))t 5" 8) Canl 0 35S

G5 oS0l syl cpl @ ol |y il paSls eS8 Jhiine 58 pae Yo aplel ) (S
ol ol 031y Cl Cund Jlod @ 5 |y 0LS 0395 j gus o Aild 2 )Slas yialS Cogo dS s lod 4y SWiS

. Wang

. Palesh

. Abaspour

. Rezaei

. Ghassemi-Golezani
Aslani

. Ghasemi Pirbalouti
. Ghassemi-Golezani
. Khan



)f'r“,o)le.ao)la.&‘wjmuojja“;))5w‘_¢cb)au 1€

S5 5 Ll 3 sybine bt S A cudlay pasls 85 W08 e (YY) olSen 5 ppelSs
ol 03,8 iy ials

Sge Ll ol 5 Laj ey gllao Lyl ) s (508 a5y el aes ela i baylis o LS
slogis lpd )3 1) 098 6l U wins oo olaidl ol clacdplio @oos 9 ags (hli8l 4 1) 39250 0355
(WAY) olSon g 305,05 (V¥ o 9" i) Canl oS (sl (565 p3lSo K4 395 (il g 03,5 > e
sl 03,5 g ] uilsl 5,80as 5 tal3dl 358 bl duoyd ol 59m0S Ll 3hl b a8 155,83l

sy il (il ] ol Liall b el 3 Slas oS Lylid 3 el doys Lilil Se3g b
bl Loy IS w5 b a8 opl dgng b it aly uilel 5 Slas 00 puns Jole g0 by 59 9 (bl
ol el oS ab Gl 0,Sles 8 Jodn) bulps pl jo a5 Slee ialS Jdoas Lol oS lay ]38l
3 8das 5 2oy wrim 5 85 5 Slas p (sldgine J S GBS &S Widged plgie (WYAY) oS g 3558
oy cppote g wolae olel bulyd )3 olS e3gicunyj 5 il 3 )Sles (ke 5 4nbly S Wl il
bofagar 5 Igern (obbslre Sl p bl 3Slos 25y sl ool Cusday gl sl S5kl 5> il
5 bl 00505 308 o515 53 ek g e Blge i el Jpuaneo Lyiali3l b sl 3San doh Subiandls 5,018
sl Skl 5 239 gl 3,8 (YA (fylSon g TS onlB) a3l b3yl )5 Loy igige jiiwse
i Sy () JS8) &l 3,8kae Gal3l 32 1 588 il 3,80

380as oSl 3g2g b o8l 151 (S Iy o 4 s |y (bl e 0 Of Brme (gyg0 500 (920
Ol Gran gygope dy Hloi 53 ok Ol Gpae Judsa bl 0g Iyl 5ot ) s 5 Kiis odle g5 g aild
35S hrae olpze lr 5 I el sloslog > Scnl 3929 b s (F 5 1 sl S3) ol 038 Ly talS
G900k S o ((SitE GB bald 50 (g b 0 Sles o tae <l Lol g Iy g |y o)l sloles
Gy O Bpan (690 00 il slme loyloss «ilel oo ploi )3 .l 00l (G)ll okl Ol Bpas
2 by glaosiS sl (1B & plyice ) ol S o (F o ¥ slaS) Sanisy g |y (s 5 4 3, Slae
ol &l Gpae 55000 (I3 o 45005 s (A Jgi) s S5 g o (P Jss) 4 Jsae il
b o slone o wages G155 35 (V1Y) olylion 5 pgrallSs iy ool cslaily L el i (gl glau
® S ol o3l Lial3al ]y 528 4l 5,8 has cans ST CBymn (9000 o] Cudginee byl )t bl
IS b 5 2l Sl 2035 G2sb ) gl 2 oy lyialy o3k Jslone oS 23,8 G (V4)5) Tl
by (oS 15 ite Sl Bl L ) ik Bl ol Gpase (59000 Gl 5 I, colia

Lol g 5 540 .7
Pl gylub (adls Lili8l b by pwlguwly g dewl Sl b Joloee ¢ yimgs oyl o.\piwsq s Jwloly
Szl g 2,8les dg0 9o (5550 sl 1y SeriS sl (] 28 g 3h (1B S (i e gl )

1. Yeganehpoor

2. Palesh

3. Ghassemi-Golezani
4. Yeganehpoor

5. Coban

6. Baydar



A0 oLlKad g s05 ldly (stgeo /one juiniiS Wl il 9 3 Slos gty piwlpinw]ss 9 ) Sl b (il Joloxo 45/

S 4 ol (LS S o s JoBl e )8 S Ol Bpao (gy90 00 35 5 eiled 355 s 5 Shos
bl dgamo |y 915 olS ! (3o yd SVIA) il g5 g (o> YOIY) il 5 Sloe sy (sl Juolgd iul3l g ol
G (303 WWE) (53 dme Cujo &> Joasmo 0319 9 (gwyp3)90 Slo il 3 il Sibedlor 8L Joloro .o
(oS 2ad g buste (ot bylud o ctnghy ool ol ool ulply S ol agg gl 4
slipl & 3,5 oo oty ((izped 03 Gl ) (St (A5 4 508 oS JeoS g e sl Silnadlo 3L Jolore

D35 sy pigR ol )3 oadJlos (sllass Ll )3 50dS uilal o JSuis

55 m oyt S5 s imgiy ol ] e alen 5 (65 Sl il oS §

D)0 039 Bl g bawgl gile (o)l 45 pun

&b A

5 Ol had g aVle Sl Kgy pp (WWAY) G oo g sire @bl (il adliyd fpape « 253
NN V) 8 bl s e itbgfy = ool 4t Gl 2lgmg] ilisee blia )3 Lo> (gla il

3)Shes 5 (Sasslsirge (Sasslani Clio Sy ) Slilgw Sl slme 5 (S5 G5 LT e sspS ool
A=W (V) 0 < lul el lolS psle (Coriandrum sativum L.) ;.48 o,

Portulaca oleracea ) 43,5 Jjales Cluogad j (Suid i Glisee gokaw 3l cwyp ((WWAM) daeo o S5 g iy ¢ sau>)
N8 (V)Y o el pale o Jaceo clo i (L.

https://datairimo.ir .oyl «lyes - o)/ i) (chdaio o Sy g oliilyn Syiio 5y (VE+Y) HoiS wlislgn olojlo

Anethum ) ..\:94..: Dlaf é)}ly).d ul.uay» 9 ..\M:) » Ls_iau} ‘)AAJ.J ul))] I .(\YC{Y) ‘_;LC “_;lxzj 9 |)m) ‘).Q:aduu
FY=YQ (V) YV ¢ JLel psle (graveolens L.

dleo ooyl 3 (Sl i 4 SO, 5B, Jesw j agstulgiwly 51 L(WAF) ez ¢ Bao g (o (oole Glipe 5,0k
-\v_‘“\ ‘(Y‘) \’ ‘Lfﬁ//')'d[bé‘f“"’.‘jﬁj

OFy 5 &b 3Skes lipl g 5)Sles ((Siglnzd Slao byl (Ve) fion oo 5 s ol B (S5l
DAY=F2 (¥) YV ipplhitS’ o) 4 a8 lgizusl o3 Jslomo 4y (2S5 )3 (6)llS Lol o (0 (595l

olS ilul g 0ySles (glint o Slos jr (S i 31OVAY) pldl adily g dooe (pade fhant (lides] falyguw olj,g
YARYLY (V) V8 ipliS el . obond 5 JI 565 glgil il cos 58 g

References

Abaspour, H., & Rezaei, H. (2014). Effects of salicylic acid and jasmonic acid on hill reaction and
photosynthetic pigment (Dracocephalum moldavica L.) in different levels of drought stress.
International Journal of Advanced Biological and Biomedical Research, 2, 2850-2859.

Abbaszadeh, B., Layeghhaghighi, M., Azimi, R., & Hadi, N. (2020). Improving water use efficiency
through drought stress and using salicylic acid for proper production of Rosmarinus officinalis L.
Industrial Crops & Products, 144, 111893.



’f’rnﬁ)leéo)wcwjWMO)jJ“;))’w‘fC/))ﬂU 41

Ahammed, G., Xia, X, Li, X., Shi, K., Yu, J., & Zhou, Y. (2014). Role of brassinosteroid in plant adaptation to
abiotic stresses and its interplay with other hormones. Current Protein & Peptide Science, 16(5), 462-473.

Anwar, A., Liu, Y., Dong, R., Bai, L., Yu, X., & Li, Y. (2018). The physiological and molecular
mechanism of brassinosteroid in response to stress: a review. Biological Research, 51, 46-57.

Aslani, Z., Hassani, A., Abdollahi Mandoulakani, B., Barin, M., & Maleki, R. (2023). Effect of drought
stress and inoculation treatments on nutrient uptake, essential oil and expression of genes related to
monoterpenes in sage (Salvia officinalis). Scientia Horticulturae, 309, 111610.

Azarakhshi, M., Farzadmehr, L., Eslah, M., & Sahabi, H. (2013). An investigation on trends of annual
and seasonal rainfall and temperature in different climatologically regions of Iran. Journal of Range
Water Management, 66, 1-16. (In Persian).

Coban, O., & Baydar, N. (2016). Brassinosteroid effects on some physical and biochemical properties and
secondary metabolite accumulation in peppermint (Mentha piperita L.) under salt stress. Industrial
Crops and Products, 86, 251-258.

FAOQ. (2019). Agricultural production statistics. Available online at: http://faostat3.fao.org/compare/E.

Ghasemi Pirbalouti, A., Nekoei, M., Rahimmalek, M., & Malekpoor, F. (2019). Chemical composition
and yield of essential oil from lemon balm (Melissa officinalis L.) under foliar applications of
jasmonic and salicylic acids. Biocatalysis and Agricultural Biotechnology, 19, 101144,

Ghassemi-Golezani, K., Ghassemi, S., & Yaghoubian, I. (2016a). Salicylic acid regulates physiological
performance of milk thistle (Silybum marianum L.) under water stress. Advances in Bioresearch, 7, 34-40.

Ghassemi-Golezani, K., Ghassemi, S., & Zehtab-Salmasi, S. (2018). Changes in essential oil-content and
composition of ajowan (Carum copticum L.) seeds in response to growth regulators under water
stress. Scientia Horticulturae, 231, 219-226.

Ghassemi-Golezani, K., Heydari, S., & Dalil B. (2016b). Changes in seed oil and protein contents of
maize cultivars at different positions on the ear in response to water limitation. Acta Agriculturae
Slovenica, 107, 311-319.

Hemmati, K. H., Ebadi, A., Khomari, S., & Sedghi, M. (2018). Influence of ascorbic acid and 24-
epibrassinolide on physiological characteristics of pot marigold under water-stress conditions. Journal
of Plant Interactions, 13(1), 364-372.

Khan, R., Ma, X., Hussain, Q., Asim, M., Igbal, A., Ren, X., Shah, S., Chen, K., & Shi, Y. (2022). Application
of 2,4-epibrassinolide improves drought tolerance in tobacco through physiological and biochemical
mechanisms. Biology, 11(8), 1192.

Krishna, P., Prasad, B. D., & Rahman, T. (2017). Brassinosteroid action in plant abiotic stress tolerance.
Methods in Molecular Biology, 156, 193-202.

Mehravi, S., Hanifei, M., Gholizadeh, A., & Khodadadi, M. (2023). Exploring the quantitative genetics of
traits associated with drought tolerance and yield in Pimpinella anisum L. under different water
regimes. Planta, 257, 102.

MOI (Meteorological Organization of the Islamic Republic of Iran). (2023). https://data.irimo.ir/ (In Persian).

Naservafaei, S., Sohrabi, Y., & Moradi, P. (2021). Evaluation of physiological characteristics, yield, yield
components, and oil yield of dragon’s head under deficit irrigation conditions in response to foliar
application of brassinosteroid. Journal of Crops Improvement, 23(3), 606-593. (In Persian).

Nasrollahzadeh, S., & Aghaei-Gharachorlou, P. (2014). Effect of irrigation frequency and planting
density on herbage biomass, essential oil production and mucilage yield of dragon’s head
(Lallemantia iberica). International Journal of Agriculture and Biosciences, 3(2), 89-94.

Nourzad, S., Ahmadian, A., Moghaddam, M., & Daneshfar, E. (2014). Effect of drought stress on yield,
yield components and essential oil in coriander (Coriandrum sativum L.) treated with organic and
inorganic fertilizers. Journal of Crop Improvement, 2, 289-302. (In Persian).

Palesh, H., & Abdollahi Mandoulakani, B. (2020). The effect of drought stress on the expression of some
genes involved in monoterpene and sesquiterpanes biosynthesis and essential oil compounds in basil.
Journal of Medicinal Plants, 19, 204-212.

Palliotti, A., Poni, S., Silvestroni, O., Tombesi, S., & Bernizzoni, F. (2011). Morpho-structural and
physiological performance of Sangiovese and Montepulciano (Vitis vinifera) under non-limiting water
supply conditions. Functional Plant Biology, 38, 888-898.

Panahyan Kivi, M. (2019). Effect of water deficit stress and foliar application of zinc sulfate on
physiological and morphological traits and oil yield of coriander (Coriandrum sativum L.). Iranian
Journal of Field Crop Science, 50(2), 99-116. (In Persian).



VI ) Kab 5 6085 Glolis st /e juiciiS a3 i) g 3,50 1 sty piswliyisanlss 5 oSl 5 Jploxo 7

Rahimi, Z., & Kafi, M. (2009). Effects of drought stress on germination characteristics of purslane
(Portulaca oleracea L.). Environmental Stresses in Agricultural Sciences, 2(1), 87-91. (In Persian).
Ritchie, S. W., Nguyen, H. T., & Holaday, A. S. (1990). Leaf water content and gas-exchange parameters

of two wheat genotypes differing in drought resistance. Crop Science, 30, 105-111.

Setayesh-mehr, Z., & Ganjali, A. (2013). Effects of drought stress on growth and physiological characteristics
of Anethum graveolens L. Iranian Journal of Horticultural Science, 27, 27-35. (In Persian).

Shao, R. X., Xin, L. F., Guo, J. M., Zheng, H. F., & Mao, J. (2018). Salicylic acid-induced photosynthetic
adaptability of Zea mays L. to polyethylene glycol-simulated water deficit is associated with nitric
oxide signaling. Photosynthetica, 56, 1370-1377.

Wang, X., Cai, X., Xu, C., Wang, Q., & Dai, S. (2016). Drought-responsive mechanisms in plant leaves
revealed by proteomics. International Journal of Molecular Sciences, 17, 1-30.

Wu, C. Y., Trieu, A., Radhakrishnan, P., Kwok, S. F., & Harris, S. (2008). Brassinosteroids regulate grain
filling in rice. The Plant cell, 20(8), 2130-2145.

Yeganehpoor, F., Zehtab-Salmasi, S., Shafagh-Kolvanagh, J., Ghassemi-Golezani, K., & Dastborhan, S.
(2017). Some morphological traits and oil content of coriander seeds in response to bio-fertilizer and
salicylic acid under water stress. Journal of Biodiversity and Environmental Sciences, 10, 140-149.

Yin, W., Dongm, N., Niu, M., Zhang, X., Li, L., & Tong, H. (2019). Brassinosteroid-regulated plant
growth and development and gene expression in soybean. Crop Journal, 7(3), 411-418.

Zafari, M., Ebadi, A., & Sedghi, M. (2017). Effect Brassinosteroid application on safflower cultivars
tolerance to water stress in Ardabil. Journal of Crop Pruduction, 10(3), 17-31. (In Persian)

Zhang, A., Liu, M., Gu, W., Chen, Z., Gu, Y., Pei, L., & Tian, R. (2021). Effect of drought on photosynthesis,
total antioxidant capacity, bioactive component accumulation, and the transcriptome of Atractylodes
lancea. BMC plant biology, 21(1), 293.



