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The use of modifiers in drought stress conditions is an optimal and low cost strategy
and understanding the different characteristics of the plant in these conditions leads to
achieve appropriate production management methods. The main aim of this study was
to investigate the role of salicylic acid concentrations (0, 0.5, 1 and 2 mM) in
increasing the tolerance of physalis (Physalis peruviana L.) to deficit water stress in
three levels (control, 85 and 75% of the field capacity), which was done in the form of
a factorial experiment based on a completely randomized design with 3 replications.
The results showed that deficit water stress reduced relative water content (RWC), gas
exchanges and stomatal characteristics in the plant. Deficit water stress also affected
the activity of antioxidant enzymes, the amount of electrolyte leakage and
malondialdehyde caused the amount of these characteristics to increase. Salicylic acid
application in this study, reduced the negative effects of stress. According to the
obtained results, the length and width of the stomatal guard cell decreased and the
stomatal density enhanced under deficit water stress conditions. The amounts of
stomatal conductivity, transpiration, carbon dioxide in stomatal chamber (INT Co2),
as well as photosynthesis rate showed a decreasing trend at 85% and 75% of field
capacity. The highest photosynthesis rate belonged to foliar application of salicylic
acid at concentration of 1 and 2 mM. Hence, for the cultivation of physalis in arid and
semi-arid regions, irrigation levels of 95% and 85% of the field capacity along with
the application of salicylic acid in concentrations of 1 and 2 mM can be suggested,
while the irrigation level of 75% FC is not recommended due to the negative effect on
the measured parameters.
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Extended Abstract
Introduction

The use of modifiers in drought stress conditions is an optimal and low cost strategy, therefore understanding

the different characteristics of the plant in these conditions leads to achieve appropriate production
management methods. Drought stress reduces the size and increases the density of leaf stomata, also causes a
decrease in stomatal conductivity. In addition to defense systems, which exist in the plant itself, there are other
methods to increase the resistance of plants in deficit water stress condition, such as the use of plant growth
regulators. Salicylic acid is a phenolic compound and a natural hormone, which is known as one of the common
compounds, to decrease the harmful effects of environmental stresses. The purpose of this research was to
investigate the physiological and developmental responses as well as the activity of some enzymes of physalis
to deficit water and explore the role of salicylic acid in improving the negative effects of water stress.
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Materials and Methods

This research was conducted in 2017 in the research greenhouse of Lorestan University, Faculty of
Agriculture, located in Khorramabad city, as a factorial experiment based on a completely randomized design.
The greenhouse is located at 48 °22 "E and 33 °29 "N and at 1125 meters above the sea level. The relative
humidity of the greenhouse was 60-90%, the light intensity 600 pmol/m?/s, the day temperature of the
greenhouse 28-30 C" and the night 22-24 C™ The plants were planted at the end of May and two weeks after
transplanting were irrigated in 3 levels of field capacity including 95% (control), 85% and 75%. Salicylic acid
was applied in four concentrations (0, 0.5, 1 and 2 mM), one week before applying the drought stress. Foliar
spraying was done every 10 days. In order to apply drought stress and control the soil moisture, the FC and
Permanent Wilting Point were determined using a pressure plate device. All the pots were irrigated in the same
way until the 4-leaf stage, when the irrigation treatments were applied.

Results

The results showed that deficit water stress reduced relative water content (RWC), gas exchanges, and
changes in stomatal aperture of the plant. Deficit water stress also affected the activity of antioxidant enzymes,
the amount of electrolyte leakage and MDA, caused the amounts of these characteristics to increase. Salicylic
acid application in this study, reduced the negative effects of water stress. According to the obtained results, in
deficit water stress conditions, the length and width of the stomatal guard cells decreased and the stomata
density enhanced. Stomatal conductivity, transpiration, carbon dioxide beneath the stomatal chamber (INT
Coy), and photosynthesis rate demonstrated a decreasing trend at 85% and 75% field capacity. The highest
photosynthesis rate was due to foliar application of salicylic acid at concentration of 1 and 2 mM. Hence, for
the cultivation of physalis in arid and semi-arid regions, irrigation levels of 95% and 85% of the field capacity,
along with the application of salicylic acid in concentrations of 1 and 2 mM, can be suggested, while the
irrigation level of 75% FC is not recommended, due to the negative effect on the measured parameters.

Discussion

With the decrease in the level of irrigation, the rate of photosynthesis decreases drastically due to the
decrease in chlorophyll production and the increase in its decomposition. Salicylic acid increases the rate of
photosynthesis and dry matter of the plant by increasing the leaf surface, chlorophyll content, and preventing
the ethylene production. Water stress causes the stomatal cells to close and the concentration of carbon dioxide
in the leaf mesophyll tissue decreases, consequently NADPH accumulates in the chloroplast. In this case, the
amount of available NADP* to carry out photoreactions reduces and oxygen acts as an electron acceptor. This
process leads to the production of superoxide radicals and other reactive oxygen species, which will eventually
result in oxidative stress. By changing the activity of catalase, peroxidase and ascorbate peroxidase enzymes,
and other enzymes involved in the decomposition of hydrogen peroxide, salicylic acid causes a slight increase
in the amount of hydrogen peroxide as a secondary messenger that induces resistance and antioxidant capacity.
To induce resistance, only a small amount of hydrogen peroxide is needed, because higher amounts will be a
factor in creating oxidative stress.

Conclusion

According to the results, with the reduction of irrigation level and FC, physalis showed a negative reaction
to the stress by increasing the activity of antioxidant enzymes and changing stomatal aperture. The use of
salicylic acid in water stress conditions improved the studied characteristics compared to the control.
Considering the non-significant effects of 95% FC and control irrigation levels and also improving effect of
salicylic acid on most studied traits, irrigation levels of 95% and 85% of the field capacity along with the
application of salicylic acid in concentrations of 1 and 2 mM can be suggested. Although salicylic acid reduced
the effects of stress at the irrigation level of 75%, but this level of irrigation is not recommended due to the
negative effects on the measured parameters.



3 %00 s
Vo ke OF 299 41/ dVL(}" g :
Var.—YFYY ij/@: u;;,%u,&':

Homepage: http://ijhs.ut.ac.ir//

4 (Physalis peruviana L.) cuudlud ol otlowin 9 o52350st 50 (5oviry Sogwly
T 5 5 s el S b (il oo

Tal5 ld ) mwdlans | T lielisnt dllas | jguaio ol Tyl

siahmansoursara@gmail.com :asbLl, .1l bl g3 ¢yl ) oKl ¢ ¢ y9LiS 8l ¢ SLEL pole 095 .Y
Ehteshamnia.ab@Iu.ac.ir :acbbl, .l ! obl p 3 o liw ) ol&isly o ¢5)5lsS” 835D o SLEL pole 09,5 ¢ Jgtme ot i ¥
rezaeinejad.hossein@gmail.com :aebbl, .yl bl o3 b oy (g5 y9liS” 85l o SUEL pole 05,5 ¥

ouws> o Ol
Sla Shy cols g o3 abin oS g dige dpemly o S 15 balpd ) 0niiS L dlse )18 Wlio £45
ol dalllas Lol Caan .0 dalgs cunlio Wg5 Co it (laogud Joul 4y yoxie byl s ol 53 0lS Calises
Physalis ) s ol Joss b3l 55 (Yseideo ¥ 5 ) eo/d o) spusl Siboudllis i85 sy e gy Alis

JugS Ginlejl &0 & 35 (slasjo b b 103 VB 5 AD ¢ ] S) S L5 4 (peruviana L.

(o Mo ElS 2y e oS A5 a8 0l (L gl ol S5 s b (ol MelS )b il

a1l Sl 51 S e S 25 e 08 oS iy oS 5 I STl e il a6

Sl Sebuadls 5805 I Shg el Gl3l crgo 9 S 1 asillooglle g Sl et 00 VEAN/Y 26,505 & U

058 9 sk S G 5 cpimgiy ol Jlesel s 4y lis B 3l (e (S B (e Sl (L o prs U

&5 9 %59y 25 S 081> ()8 (55 jg) olum Bl GBI 59y o815 g L Whey  veLv/iy/ey s Ll b

4 Blte Situgd ¢ Yl 8l el (ghisyse bl 1oy YO 5 AD ()l sk ) Siiegid

2 ool olS CutS o cplplh g Yga e Vg ) lacble ) sl Sl o3 sl

5y0)5 olyer a1y (glas 50 Cud s Mo )3 AD 9 Juo p> A0 &bl Tokw g3 oo «Siiddays 5 S bl :lhbjlg.\.ﬁlf

2 Gite w3 e 4 003 VB (5l o g g0 ety Ygo o ¥ gV slacdalé )3 tl Sbuadles il il 2T slaey 5T
P9 god dpogi wdd (6 pSojlul el s sy i s iy,

Mgy

(Physalis peruviana s oS olhesdon 5 (Sofdojud by sbaguol (VF+V)opodlie ol ols, ¢ lie iplias] €l (gaio sl dUiwl
DOI: http//doi.org/10.22059/1JHS.2023.329083.1964  SV-AY ((\) OF « s/ sl psle 4y i o] o8 (25 o ool Sl 3 glono 2y L)

sy © Oy oSy Ll duwpe T padl
BY N DOI: http/doi.org/10.22059/1JHS.2023.329083.1964



mailto:siahmansoursara@gmail.com
mailto:Ehteshamnia.ab@lu.ac.ir
mailto:rezaeinejad.hossein@gmail.com
file:///E:/drive%20d/1402-1/علوم%20باغبانی-1402/1402-1باغبانی/http/doi.org/10.22059/IJHS.2023.329083.1964
file:///E:/drive%20d/1402-1/علوم%20باغبانی-1402/1402-1باغبانی/http/doi.org/10.22059/IJHS.2023.329083.1964
https://creativecommons.org/licenses/by-nc/4.0/

IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il v

Aodio
Ui 53 cov oS olaanlyé ales 5| (Hernandez and Uddameri, 2010 ;Garcia-Garizabal et al., 2011) ¢l
IS Ui J(Rashid et al., 2014) 5,5 o,Lsl clasjey colin g (coml Juwilty siiwgid 4 lg o 15,0 41,8 oo
335 LS Cowglie iuli8l gly (6,500 (sl yssy d)ls 3935 0LS 395 )3 45T 8 slapiuww  ogMe (et al., 2015
S 5 S5 (Aol S5 (oS 9y dol Sl a3b o (BLS 0y 00 walais dlgo 3l oalil Jolis 45" 5l

oud 4l (lame (glo il 4 Gl 53 eoliul )50 Joliie Sl 5 5l (S plgis 4 g 035 (b (gey5n 5 (Jod
Sy il eauie 09, amggy @l 5ok 5l olS oy wiww Sy oyl (Keshavarz et al., 2012) ¢l
i) gl g5 s pas 1 oysicman (GaO-BiN et al., 2009) 1S o 4,56 Sas Cuoglin drussi g £165 b Loy
53] o sl 5 4 1y 6L oo oo ol 1 5 w3 g |y (a1l (sl T il 8liS 51 JU
Sidle ol Jsl g e s tales I Calisee claai] B e 5> dl Slewddlo (Harvath et al., 2007) aas o
450 (90y98 (S sgbds S (o GRE (sl olS 5> (IS 4 2 g S o] YL g cgel 9 A3 g9k
Vicente and ) wib o ox55pé b oo (slois Il jials o] (i 5 cul alS i a0ld pus
Zhang and Lu, ) 4sbYgw edlgls- I (Physalis peruviana L.) ..Jl.s .(Plasencia, 2011; Shemi et al., 2021
(MOItoN, 1987) 1l o (or5 (6155 50] youno S dass g pouns)S 3blio o] Lo a5 sl Lile o b i aLS (1999
5 oglite 9 JS5 B ool ol oSy )0 g0 VVD @ ] ElE)) g conl dgammel sy conle gyls olS ]
(Flores et al, 2000) 5,5 yio il A+l O+ Jobo 4y oladdy,
Ol g 608 gy lpS L1 Ll 0 1) s ol (B e, sla S (2013) Roohani et all.
Deveci and _iagh zols b ialS 1) ai5e, (eSS sla ok Job ol oy i3l 1) 4559, o515 oleS i 48 Lol
S35 SlaShy g (e )je Cudyls 10)3 Y0 50 XD wald) (o)lul o Yoz I sy 2 4 <5 Kliec (2016)
«dly Gil33l s 0)lsd 4 ©)lud oliee caleS (25 s Gl33I b &S sols oLt il el (obordse 5
Masoudi sedghiani .sls -jlis il 38 4559, 65155 ¢ LialS udluwd 13 Jdo IS (adls 9 S p Ol s lade cpimen
Cpl 33 38 oy |y GBS Laslpih 5 e canms olS slacdgonl g (o 3T by oS il et al. (2016)
S ot oS bl ool 5 65,8 Jlasl |y (glas o b wo s Fr g 50 A (10l3) JolS (5 bl o ¥ gy
Sl pgSnl w3l ol g2 20)3 ¥ ()l o 3 w3l cpl cdlad ina 5t 9 00l a8l 1y SYBYS 5T el
Sl oy pslate & o cmgly @l 1ol oLt iz e ol Clled g 398 o)ll oy U o s,
S 05 et i plool oS L5 lulis )3 asndynl olS (o) YLy By, JwsSol o sl Sl
plos 13 Wjgy 2j MeS1ied ()8 (liwe (wimen b SHwg £ 55 9 (55 gy Culin (alEl corge dpl Sibeadle
3ol s GElS oS 85 Ll > 35, Coln 5 55 ciiangts ¢35 Ll atls lj8 5355, oS (535, Jolye
Cod (5,8 dneS sla She (S ) sl Sldls (31(2017) Jalalvand et al. .(Silva- lebota et al., 2020)
ol dpsl Slouulio o 0l L5 i) SlaShs (52 9 58 SV (o it )8 e 390 S S5
o el Sl Jlos 5> Jiawgid &5 9 £559) w515 (S50, paS LS Ab p5ud Jal 3l carge g 0> EalST ) lasjy,
SYBE (gl 5T cllad (2133 gt Sboawdls 8l (2al3l (oS 25 Lyl )3 o g Sl o)lul Ll o
o Gl 5 Lol 3l Lzal5al |y ssillenpalle 5 o il cuts sme e lnS S5 el JlasnSlyy lyysSsl o jlpuSly



v Ol 5 yguaio ol ... pudlucid ol ot Lol 5 (S )50 jud (s iy (sl ((iitrg 3t — ols)

Seliwclos 315550 10 cmlio awyp 4 dogi b odaliie (530S J.,;.\ﬂdadylo 9 Cud SN i Sl Sdoamndlo b 00
Sl 4 Cos ol ol STy Sl pplply cul a8 S plol (Suil Slills el ol 2 2leS A5 ) sl
Szl () (pimgn ol ool Ban .l Cuenl Pl (G5 opl ke SIS el )3 dpl Sl i g (55
d9 ) el Sl (28 5 (oS S35 4 S Gudlid ol laga T (S cled g (o) 9 (STl

392 S Lahin 51

3 wliig s
iy ot 5 g DS SMgo (53w 00T

gt ollp S ol sed )3 @ly i) oSl (455l 01l (laiow &S 3 WAV JLo 5 gy ol
YT (6,8 g B 4B VY 5 dnyd FA Job )0 &l 5lxlS i ool Solai MlS z5b a0l JoyeS1 iolo)l
@resie y JypgsSun Fre s G hoyd Fe = SIS (s Cugb) > a1 e IVO glisyl g Jled i3 VR 4
Dy ole Cudigudyl Blol cullS g9y g 25 Sl x> VY-V &l (slod g Yo=YA &ljs, ldS glod il p
Sy Ve (Sasodl sl il & o 5l e 5 Ad gede o)l e84 5l (Physalis peruviana L.) Gudluud (slaJldls
b b e Bl Sy ol S8 ) U5 55 e TN o & g 355 5 aule ) Jpi2) S (g5l
oy S 355 Cand ) 025 S S1o Caand Y (55l bgliee 5 0305 )8 SIS 53 iS5 e 4 (o35500)
0) JyiS Jols gglaw oyl a8 s plol pdaws 4w 3 lalS (o)lol Lab 4y, S )3 ond diad dwle Cuomd )
Pl L5 JUanl |y atim 63 ((lie )30 byl 1i0)3 YO g 00> AD) (S (5 e 93 5 (slas 5o il o
49 05 00,8 4 (gleS S5 Jlosl 5l S8 atin S 5 (Yge ko ¥ o) /D o) o slaz 5 sl Siliuullis
Syt i g (glas e oyl il gy U558 g oS 15 Jlosl g 15 plosl 5L Jglome LS, g Ve alolé
5 Bud (bl (Ss ©yao 4 b lalS plad ( S ¥ als o U oo 0 (st (6)liid Slorius oSiwd j edlaiwl b w50
sl SB Ol e s (gl s Jlos! ely) byl 1)d YO 5 Mo > AD o )d A0 (slanjles ¢ Sy ¥ als po 4
L g pSojlil wisle ¥ Jolgd )3 ISl (359 9 b )l ledl do U S s 5 cpl b ol (559 )
Cadyb )3 cugh) lsie a5 (S0l QIS SB cugh) sy (28 a5 4 () 5k 4 Jlgie sas 53 aSilej U
Jles! ol @ (Hb /1Y) 4as 590 Hlid  paw b 031 1,3 (g)Lid lorins olSiwd 3 S cladiges b 483 (a5 > el
b s oyl oK 5l ookl b la—diges Cagby Aoy wugby hwwy ol 4 g colo Y Sl o 3,8
o> sk duoyd g TDR olSis Lawsgs 00 &ily] (33s alasly s s (lys s A5 s VIR sl o 5
=) b b olfiws (elacdl 3 ool 5yg0 sl ool g 5 45 ool ¥ 5 ) Lalg) s (g,S0jlul S
b a8 a3 53 g)ll zolaw I Sopa (sl 0ad 4 Lo & g (siludlae

X=TW-(SW+PW+DW) () by,
U555 59 DW (S 59 PW «Sis S 1359 SW e IS 059 TW (lalS SB O lade X

o> Cagby = (Sig Cusby ¥ S (5,0l ogasie p (¥ alal,



IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il vy

olil 390 SB (GliardsSy b Clogad W) Jod

Ehiced b abal g puderjows) (Sl Cole o o) el
(e ,2) (% (we2) (wo,2) (wo,2)
Y¥/AA vio J¥ VAV /A Y¥/Y ooy

o g 9 39992 10 ST 39 & 031!
Lyl yskaze gl & 5 odlizl Ritchi et al. (1990) os, 5 ol Lo s (35001 (glys 15 31 o s o
b s iy o 51 e g 35 g Ioaoee 9 ab ool )18 jlaie Ol > Gl YF Sty g 0] Casd &0 S 5 05
el Cawd a4 Sy Ol s Hlaie ¥ ol 5l 03litl b e b 5 (eslos FA Sodo s dn )3 As) oyl 3 Sy ool 18
RWC (%) = (FW — DW /TW — DW) (¥ ]
Sid 559 DW e il g jl o 09 STW o5 ()39 FW
500 Ve sl Staly g5 2o B L (p)5 10) Sy 03 il widlionggle toms (sl asllisappglle
b Jo ol tdibe Voo )0 2slSo00 b5 p) /0 S Oygo pl 4 S oadle Moy /D Bl Sl 55
Ao 0 Jol Jolome 1 g oS 35 o Loslo 93l 9 0 > o 2o Vov )0 dsl Szl IS 65 £ 5 Yo s
283 8 p)S Ol plas 13 4By YO G &y (a9 Jslone (488 0 e 4y 93 Fo v Sos il I g o5 a2l
oglle Hlde o (Buge and Aust, 1978) as cdly3 jogil OYY g5+ ¢ zgo Job 93 0 asill e glle Ll e culy
Dol Caws 4y F ol 5l eslil b agall
MDA = {(A532 — A600)/155} x 100 (¥ ala,
Sy e ) Sy 555 5 o 3 oy g S s olize 335 s oot 40y i) ot
o )5 )8 el T e &y jlaie O ) e Ve (ogl sladly) 3 g A8 g Sy e yie il Voojlal 4
@ oJolee g5l syl g (ECL) 0d (e oSSl i iomis olfaws jl ool b (S yS eyl o ]
15 5ol ol (So Sl Colia asme b Dyl e g b 03l 1,8 (e, WY+ (clod) gMS'g3l p3 4k Yo e
(Luttes et al., 1996) 15 awlo & alas, jl o3liul b sy i Ao s (EC2)
EC (%) = (EC1/EC2) * 100 (& ala,
w96 S Sl colan ECy gl (S sl colan ECy
Mac-Adam et al. (1992) _jss, 41 jisaTys oo 57 1(5snS s lsySasl ejhiguaSyy GYBIS) lisgusST 5 (sl 51
4 59 VFe v v) Sanin ol 5l g 5 L) 5 py )5 b p)S /Y &y (FIA g ) i Bl 1) Lo VD 15 (g0l
U il e VO GYBE w3l (cpSo5lul gl b cilB iagil ¥VO zge Job 33 mopl wla lade (aids Yo e
Chance and Maheli, ) 15 pll ol YF+ zgo Job )3 mopl 81,8 g i 4l 5 bl p,5 /Y 4 ol lanid
Cawd 4 gl A5 485 IS 4 Nakano and Asada (1981) g, o bysSawl mpl (6puSojlul jelaie 4 (1996
2 Jse9)5s0 g0 & mil Cllad jlade g ab LISyl p)S /Y 4 e Sland Bl 1) e Vo)l 3]
el Cawd 4 oylas i lue jd 48 )3 jlaSTly ©byeSwl ) e
LCA4, ) Jas Juls (o) oYl (opSojll olfiuss 1 odlil b 555 c¥ols clmygiSls 2 )5 Yol
GSoilul glsj b (gyS0jlul (YL slaSy > 4 (ADC Bioscientific, Ltd., Hoddesdon, England
o )d OA=FY s Cugloy 5 31,5 il dn 3 YO SBUI 45 (glod jio il & BB 5 Sy o 55 Yol
2 (1) dsoiske ool G5 g (slagy Colum sbl o By 3uSlie> (1S liee g2 oBwd I S elal 03y
b 6 Soilul 4l )3 mye sty (JSlied ()5) JgrgSun ol Jhwgtd Cuop 9 438 50 @y e



vy K0 5 y90aio obew/ ... udlucd oLS o beoiigw 9 (K j9/90 jud sty Slogiuwly ((intgfy — oode)

3 S159) pa3ls g &gy QS Jske (25 9 S5k ijey o515 ) i alxe il islizey b SR
Sl om g b obal Bolal Gyso 4y diged gy cpl > .0b oolawwl Rezaee nejad and Mitren (2005) i,
Ceond ) (6la59, sl Srg IMage tools 18l oy g CoSug,Sun 9 5y oS gy 5 ookl b 0lSdolesl v Jlis)
A5 Aol & abaly ool b gldje, yasli A3 ol Sy ) daw

SI =[S/(E +$)] * 100 (& dl,

S Seihe )3 (s0pdal (Sl Joho dasi i 9 Sy o e )3 &559) Slus S iy, yaSls S

aodls ol 5 25555 15 plosl )15 a b g (B3l WelS o sl JpgiS16 copgoty il i Ml (sl
Aoy O sl gdaw j3 (g boliae AMST JBlas 905l 51 odlitel b Lo ypuSke duslie g <5 cue 138l 5 5l oolil b
A5 plsl

o3 sasl
adlud oS (539992 309 2 ! Skl S S gloro g TS il O 5
S 3 T a0

e G5 351 focgine T (g Jie 52 2o Ko s 3 el Sebeadl 5 oS 5 1Y g gl b
3 Sl Sl Dgy i duo)d VO (glas i cud )b (0 ials pl g dd udlaud olS 0 Sy Ol Hlade ials a4
d90 JoS o)l > Vse o ¥ il 4y 3lete goud Mo 50 (st 5 31 QRN ol daclalé plos
S e sS  lnS G185 50 1) Sy ol amd e el Silianellis 48 00l (Lt 005 plordl gla gy (V-2 JSU)
Oyl Slean yols b gls b as ol i)l (Ghaderi et al., 2015) 55,8 o5 4 (NOOTi €t al., 2018)

ol S (555 SVl 5 (Sl Sla Sy el Sl 5 oS 55 51 by 235 Y Jgie
©lapo (ke

&> ol Cuio Slgsmo G clale A, Culad FRwgd g Ay Ol abe
ARy Clg S Ol - o) @S JgeesSe) 3 Jge9See) sl
PeSese)  (wep)  (wep) s ol PP PR

039 P5 e p3S3UT (4l (a6
(o530 (asl 4o 439,

yE/ayE VAYE/YD™  YEFA/-VFE AY/V-0 YYRLY /. VEV/Y - 0% YVY/Y o Y Y
V/sYE* NArA i YES[.q%* S ST TN Vi add VY/AQY=* INZAT S ¥ Sl
YaZasd QA/SH* L 29A XA SAVD/ - VO/YY Y= /qy# s Sl i
o5 /Y Nitd <[-YAY .5 J5Y NI Y¥ et
y+/YA ¥/5) VA v/vs AV VIV Y/¥0 - C.V.%

(a5 (sla Bl txio) yholime AMR] pae 5 ao)d V 9 O Jloin! gaw 3 Jblize o 4 NS g sk ok

R Py S PP RV PR PR
(Y Josa) 091y ize do > S o w5l en9lle ¢ g xS s sl Siliwdlos Lo @wa oS 3l
—b JS5) ai ssaline sl Sliwdlis 353)57 o Juo )3 YO (slas y50 cudyls (> ,\,;Jﬂd:wno 9 Cudd yliee (i



IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il ve

g S Sl s e dunl Sl ;Yoo Juo +/0 clale (1o)d A0 (glac)ie cud b)) sald jlos ;5 (V-C 5 )
lac )z byl o )3 AD 5 VO zalaw 45 il jialS i Wge o ¥ g ) zolaw j3 Lol oaly yiul3sl |y a5l o5 9lle
Qo VO (glas yie cud)ls 13 Vgo duo Vg +/0 clale o jboline M) culs (ials Jlas 1 sl Sl zglaw
ol sl Sl o (30 5 odaliie (gliejio b 1oy AD (gl s )3 [ Vge b ¥ g ) ile
oS o )55 30 Sabokdast et al. (2022) 4 Silva-lebota et al. (2020) Luwg 1511 e 9l 5 (So2 cuds yline

wilge p2l ingh gl eaiS

cmllind S 3 5565 YL S ot 1 3 ! Sl S glove g TS 5
3puS1sd )8 e 5 (Glajg) Colum criungtd ¢ g Sl Sl g oS 15 lize Sl 31 &S 0l LS ol
o aw g S ol 5l s g a5 s gxe 5ym sl blite 1 Lol 34y 45 sme duo s S oy 459,y 5 SSBI
il gials i il b S slaey colin wad o odalin ¥ S 3 &S jelailen (Y Jgds) Ad Jb dxe o )d
Yo ) slacdale »asn A (glasie cudyls o Ll ¢ yials 1) (glasjs, colin sl Sdowdlo 55,8 cwalis jlad 5o
Capund ol Sl j¥ g0 oo /0 cdale o3 VO (dlas)jo )by 0y ial38l ) (glasy) calan Glie )Y g0 Lo
RS Ll jlas &) Cond 203 VB 5 AD Zshaw )3 Jwgd £ 3 pelaiblagd 4]y (i (VL 500 aw 93 4
bl s 3 3hsgid €3 oVl 03 s £33 G cage lal gokaw plad 53 ol Sl )87 8L
Yoadbale p» glasio cudils s YO 5 sald gl mdaw 10 5 ol Sladls ;Yoo Joo O clale (0 s> AD
Sieandlio 3518 93l lis ialS 5ym5 ol jae s )lol prdaw LEalS b (Y-8 JSs) aib odmlive sl Siliwdlio ;¥ g0 Lio

(V-0 JS3) cdl yils i byl il po 455g) yj BT oSl i6d (0 liwe bl 3y85 oliee o Sl 51 !

udliud oL (5139 303 5 2 ol Sl (ilyJolono g TS i 1
ol 0 0313 GUIS T Joor )3 pllusd olS (gl g, )8y 2 el Skl g (oS A5 31 il 4o ol
«wdly ptals oS S5 Gl L @) Job a5 b e sy Ko e 3 gy sl Shy 2 les 90 ol |
Slos (V=0 JS5) cadls d925 003 VO (glas )0 byl ) sl Sbdlo Voo o ¥l )5 €559y Jsb (st
ooV cbale g0 w559y Jobo (ial3dl coge (sylol 20l Jlowi 15 Yga deo Vg +/0 (slacbalé )5 sl Silomnles
200 VO 5 A (o)lul (slalass > by dgrg e ol )3 Wi Jsb S 4 spsk 4 > el 4y, Jobo
o 4w o 3 B9y Jobe oye 3 Gl ) €559y Job baedale plod ) sl Sbpudlos 3)8 (slas 30 cd o
02y ald e ) sl Sl clale (al531L bl LS (g )lbliae BB (apl Solewadlo 33,87 9) sl
sl 38 Nig) 59y 125 ol Sl Clale (L1381 L o )3 AD (glas ) jo byl 3 (V-8 ISS) cdl yials o)
O8I b &gy ST, s odalie (gloline BB Ml Sl slacdale yy 0o )3 VO (glas 0 cud )l 15 5 cuil
) Jol8 )bl Loty 53 sl Sl 50,18 3905 jloline M3 (Lol prdaws o oy Lol Bl ol 81 ¢ 25 pedans
oielS’ & e glasze b s 1o yd YO 5 AD (5l o 93 13 5 W9y o515 I3l cage (s e b s oy
$jgy o515 i 3l g)blime ST (glas js0 byl 10)3 VO g AD (slas 50 cud )b oo (VT JS2) 0l &, o515
Mo pd AD 9 A paw jd 8L ialS glasie cudyls woyd YO 4 AD Gl i e (]38 L e,y el sl
Sebpadlos ;¥ g0 o /0 Clale )5 i) padld cp Fote Sl LS Gz ol (laije) padld (slasje cudils
Deveci and KlieC 355 ol (V-0 JSi5) 15 stalie zobaw plo 4 s jholine BT L JolS (g5lo] 55 anl
ORIl 5 el Sl Sl a5l 0l 305 gls b el olS )5 &g o515 SRalj8l 3590 5> (2016)



Yo Ol 5 ygaio obw/ ... udlucdd oLS o beoiigw 9 (K j9I90 jud o sty (Slogiuwly (vt g fy — oode)

pols imgh pols b S b saalie Silva-lebota et al. (2020) lwy (53 4555 olS > &jy (sl 9 o515
Roohani ) cul eads (5,135 SleS (5 bl s 5 39, Jgbo LialS g 4559y w15 il33l 55 g olS 55 )l cillas
(etal., 2013

ol ol slam 3l cullab 5 (G155, sla Sy 2 duesl Skl g oS (25 1 Guilly 4525 Y Jgoa

Slayye Nibe

Oyl STy selg) YU padls @ST5 e Ay, dsb @ Oled ale
Bal)  pasl) gises e W, @9, Wiy (egsSw) 35
039 RS 039 RS (e56 (09 550)

(03U (03U

oAV ofeyens e XOET NAAVESE YRe.rr Ay VY Y AT
feyyEee o[ YER"S feeeosye LT A LR s ofeAY® V/SAE ¥ ool Sl

ofosye L/yayee ofeeenqes WSS BAST NNy Vv 5 SebeudloX a5

K|
e ofeevy ey -/a¥q £5I5V ooy -[-¥s8 ¥ s
/YN AIATN Yo/5Y F/NY alvyY £/vs s - CV.%
(Bt sl Bl o) - jboline OS] pae g 2oy )V 50 Jloin] o )3 jboline oy 4 NS g ke ok

ol oS T (s 5T Cadled 1 bt Sl bl Jokono g TS 5 1

STy VB o 357y sl Siliandls 9 SToS 25 lize <l 31 a8 o3y ylis yimgs ol 5l ool Canwd @ ool
Psine Ty, el g2 dpud Seals 5 o5 ol I (Y J322) 33 5 sinm 3> S i 3 Sl 5
sl il Sl 5T lags 3l b ¢ oloS Ji5 il b s s e dopd Vo 55 Jlize @l Bl Lol wis
Spnddlos 50,18 .uisly 3939 (dawol Sdloandls 3,2)8° (y90) 2o > VO (glae 30 cud b 5 VB o0 35T cullab oy )5 i
zobw ;0 Ll ol olaidl 5es & 1y lie cp i el Sdowdls Va0 Lo ¥ 5 +/0 zolaw ;0 dald jlad > !
38 pae g aals Hle )3 wu il Culled oy S ol sl 1) e T cdale sl Sl o )s YO 5 AD (o)l
Moo Vg Vo zobaw 5 00)d AD (glas)jo cudjlo )3 Vsa oo +/0 5 jho ol (g -y 3529 bl Sl
O3 b 5l ool clale (V-0 JS5) s oamliie (g loline OS] o )3 VO (glac y30 cud b )3 st Sl
2 o3 odnbie dsl Siludls 3,08 pas 9 200 VO 5 AD gl ) 3l ol (liee it 9 €8l GRIBl Gis
(Y€ ) 590 5l bixe M sl Sliwclis ;Y50 Jio ¥ 9 ) /0 oo (po doyd YO o AD (slac )i cud b
Woa o Vcbale )3 oylol sali ey 5Ty byeSil w3l cudlad ous oy lis F-Y JSs j3 a5 jslailen
30 40y YD 5 oD AD (glas e Cud b 50 dwl Sdewdlo golaw 0l LIS Ty e o 5 s dew] Sl
Cled oy b odalie SbyeSil mpl culld ) ialS Gy 3,8 pae bulps 4 Cans g g5 jhbliae B3
e o Gl 28l Gl 15 Ll o ] alld e o S oS 3855 (ol > a1 T (sloas
Silva- lebota et suiow )3 sl Sl 3,8 b (55,8 4565 )3 5lanS ©byeSal g 5lamnslyy GYBE clags ;3]
Sidewdlos o) oLS j> Sabokdast et al. (2022) Lwss ol plowl yimgss 53 .cubls casllas 548 s L al. (2020)
ol Bl Simgs cpl ol b as ol il 1) Sl 5T olae 51 cdlad sl



VFoF o 6 plonis yloz 9 oliy 590 (olpt] 9l ] (ULl ple 4 piid

\td

OSAOmM OSA0.5mM BSA1ImM mSA2mM

70
60
50
40
30
20
10

0

Electrolyte leakage (%)

—~
O
-~

OSAOmM OSA05mM @BSA1ImM ®RSA2mM

OSAOMM  OSAO05mM  mSA 1mM
100 - a
bc b
80 - bc

RWC (%)

B SA 2mM

i

(a) Deficit water stress ( MJJFC)

OSAOmM OSA05mM BSA1mM ®mSA?2mM

a

(©

Deficit water stress (% FC)

C

5 - b
1 b bpe ]
| 4 - C 4
] 3
T ?2-
4 <'E>

0

75

Deficit water stress (% FC)

OSAOmM OSA05mM BSA1mM ®SA2mM

b bc 2 b
de CdI

¢ cdcdcd

1

(=

95

Deficit water stress (% FC)

OSAOmM OSA05mM BSA1ImM BSA2mM

abab

d
] H e ede edede
5

DefICIt water stress (% FC)

£10 - 4
2 3
2 8 - 2 3/5
3 = 3
5o 2o
(=] g 4
5 4 215 -
S 2 - s 1
e 2 0/5 -
(d Deficit Water stress (% FC) (e)
OSAOmM OSA05mM BSA1mM ®BSA2mM
A a 35
P 200 beCab b b s a0 |
£ ] c dc g
§ 150 - dd d 5 -
2 100 .
- x
.:z’ é 15 -
8 50 - - 109
5 4
0 0
95 85 75
(f) Deficit water stress (% FC) (9)
sl 4l :guie) sl Sl (8L Jgloo g oS (15 iz S (clyy puellisd ol (S35 58 (sla Sy (sloSle duglio ) JSud



vy

25
20
15
10

Photosyntethic rate (umol/m?/s)

(a

N—r

W
G w oA~

Transpiration (mmol/m?/S)
N

~
(g
~—

Peroxidase (Unit/gr fresh
weight)
-

~
()
N—r

25
»__ z
s s 20
— . é T 15
e o =
......... L = £ 10
e & é £
S 5
(%]
0
0/5 1 2 0 0/5 1
Salicylic acid (mM) Salicylic acid (mM)
—¢—05 - -m-- 85 . @ 75 (b) ——95 —-®-285 - @ 75
600
———o— 500
- & 400
- - © 300
= 00
............... S S— 2
100
0
0/5 1 2 0 0/5 1 2
Salicylic acid (mM) Salicylic acid (mM)
95 - -85 - P (d) —— 095 - = - 85 - @ 75
_ o7
S 0/6
g 05
304
5 0/3
';é) 0/2
= 01
£ o0
0/5 1 2 2 0 0/5 1 2
Salicylic acid (mM) Salicylic acid (mM)
——9 --®-85 - @& 75 (f) —e—95%Fc --B- 85% - @ 75%
- 004
o L 5
<= 0/03
o2
i% 0/02
2 = o/01
[
3 0
0 0/5 1 2
Salicylic acid (mM)
(g) ——9 --®-85 - ®- 75

o 4Bl zaie) -l olS slas 31 Colld 5 (658 SYoL5 s dpanl Selpudlo (5L Jolme g oloS L5 Jlize 51 pSbe dunlis Y S



IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il VA

-
o & )13 S5 s 5 355 gy Colin b S O (o Slgiome s (soins bl 85 03l it Sl
Tatrai et al., ) sy waled L 395 5 ogllae 3,Shas sl ausls Iy 565 Ol (cloime bhis Ul a5 SlolS sy
b e 5 b JUah o 51 ol o) o 423l 1) 305 G0l 51 (oS5l Uls5 oS 25 & b LS (2016
Rahbarrian ) ass e )18 (53505 Cales 3 5 (il jLid (el (om0 3 1) Ll gz g S0 gl )3 iy 4y
i3 1y 5y O o i e ey Ll L g 03l T3l 1) b8 o 18S i ol Kbl (et ., 2011
Coge dBlu 4y Coms dddyy o 81581 5 Jolo 31 Culgewl dlge zazs b i oa (Taheriet al., 2017) uas o
dlge cuti coles p g ol cu (Jolw b 4 o)lus (Kadioglu et al., 2011) 395 0 oLS )3 s Cugb, Lais
balyd ) )3 090 2l olS 4 &l leS” A5 elacasl g S ol o b 4 Jskeo S5
) Jsbo S 5 Lais U155 Joks L3S a5 3 5 353000 00 gl (S 5 0013 JSb s Lt (sl Jsind
A9 5 S Med Vg o i gl doind ( oloS i kuls j> (Osakab et al., 2014) sad o cowd )
(o & Jok dlge Culi b g oad Jodd Canglie o g jladhie il S 4 Lid HlBle g XyS e 395 4 (JUsS1S)
.(Gupta et al., 2020; Kapoor et al., 2020) ub o il o)l i kie plSocwl (o &S jlla gy odlo Hlade
sl g JopunlS Jeolig 5 (Jgpuls sl 63 M5 g usMlyg)lS 455U (sladeddsSS gruslins Ty
oS oud <ol [(Hasanuzzaman et al., 2020) cél aalgs il38l wslliooglle W o)) o )3 &S onds o)
Cais ) 5 93,8 Caslan Jshoo L 1 30 (el JIS30l, 3151 Johoo (S 5T s s 33l b Sl Sl
S 2929 51 xS ole g K59y (b Ay Sy (gl59) 05 SELT Sl ()8 (il s EalST ) 559 55 S
S by, uals . (Zlatev and Yordanov, 2004; Ganjeali et al., 2011) wib o Jugie (sloJoluw 4 tenST 60
el S 5 1013 0,5 i sl G535, 3, hes S sglaie ar TS 5 & pslho o) )3 i Sla s 5
o s 4 g bdje, oy dies cle & i balyd > 5,m5 Lials (Rahbarrian et al., 2011) cul jiuwgd cas
olel iy (28 5150 Sy 4y o] Jlal g aity) )3 S jomlil W5 cge o Bl e (Sl colin talS
zaw LialS L (Yamori et al., 2013) uS' o oo Sy 3 odd Mg sl SO smmnl 3a)b 3l g 0] 0 399 4 Sy
ORIl b sl Sl o Sl s 4y ol i Gl 5 Jidg)S s (iels cle @ g £33 (o)l
Jalalvand ) 3550 obS Suis o3lo g jiwgid Cas s Sl 38l c g0 <l g5 5l 6 S ole 9 idop ST il 8l S 2 b
1 e e Sy Jidose cil y3 S aens] (o5 clale JalS g &g, sy ol D diuy cage i (et al., 2017
Sl 5595 Gy plsl sl o ped 3 NADPT lise el ol )3 b oo goos casdly IS s NADPH s
Jub (38T S sS o g 2T s JISG0], g5 Al )bl 5 03,8 oo (9580 iy lsie & ()fensT g a2dly
Cundg aS o3l )l wligss .(Jaleel etal., 2009a) i salgs goliwsT (i sbul Cage Coles jo a8 5l Jlis 4,
colia o oloS a5 bl s > olS (Ashraf and Harris, 2013) cul bls)l 3 Sy classey colia (i b Sy
wlS &ly ey ol Lials (Chinnusamy, 2004) xad o ials ool G 5l cpSels b1 & 1) sy,
345 Sl cage ptals (nl 9235 o sl lagl ke gl g 3l 118 80 cod ) ol (Sejslsd anl
Afshar et al., 2016; Akhtar ) cuol oo, Gl 4 JJeS Sis 4 (Sl 50 jrwgd Lials s o by ¢ 3,Ses
(Alvarez and Sanchez-Blanco, 2013) sas o &) sl4j9y e 5 ljsy slacodsime JJ> 4 a5 (et al., 2014
2 Fawgid g 4oy Colad (35 Gl carge dpl Seludl 528 55 e plo bawgs o plosil (sbyiaggy 5
;i .(Santana Aires et al., 2022; Silva-lebota et al., 2020) > s céllas 558 guls b &5 col oid (55,8 4565



ya db’@‘})}‘m olew/ ... w.JL«.d obf@wjuj‘rﬁj}/fﬂ sy slogewl (29 31 —Ga.lc)

Slgo oo dlaly 4y &5 WSl wjg; GlaSS ladsl wre il g oslel JLid 4y iy (05 4 5 5L) e,
PS50 o8 4 g (Sdne dlge (Il JLid 4 (A5 Llpd )3 39 oo din &g lge (LIS g L 4ijg) Cudgen
gy Jsb ptols bailas o5,k 5 (o & Wle a4 Sy sladjg) 13 93k Seidgdyge Dl « Saulie
OB 3ga0 b Sl Sl 55,18 ¢ 3,1 51 .(Ren and Wang, 2010) il oo 4559, o515 Lials g )] o dta
L5 nlgs ol )b dije) (A5 Ay 5 5k slp (ol lald &5 S e sl olate Lyl wlS Ol (lgie L
NADP* sJg5 jlade g Nguis oo dauaST (63 (9,5 Cansis 3,5 dgdone caumw oo sl yiis (Muira and Tada, 2014)
4 AT g 5 Ol G 5enST G0, 9 0ud aSl (95 JUil 0005 alb cpl JLd & b oo (a8 5
Lo SIS g5l g a5y it oy gawlinnST b osds a5 331 (sla JIG0, (Dmitrieva et al., 2020) 1ol o 3¢34
3]t dimd_a 8 8 o | CilimnST 5T slam 3] e a5 ] s g 4558 e S]] oS munlgilio 5
adsl (o> bs 5 a1l 6B sla il a0l 5 (e dbox ) jlaneSTyy Sl g slasTy YK
09y 05910y Gl pos Sy 13 29290 whe Slam 3l 1 (So &S VLIS it B3] (sla I3, Bl (ol
5 STy slom il oy STy 3 YU Culled Js &y 5 450 w328 (ST 5 Ol 4 bl oy GgSomn
WS o L) cadp)ls alar 5l Salul plo ) (g amanSly Giluid 5 Bl )0 ege LB Ol jpS]
Cdge T SG @gyen 8 A cwlio ploj g cdale 3 oS Sleoj sl Sluwl ((Hasanuzzaman et al., 2020)
Hayat ) wb oo Linl33l olS i1 5T ulled dons > g ok ol (5lopslie cngo 45 03,8 3wl sk )3 g5lasusS]
15 J sl 5l o g JHanSTy SlyoSonl 5 JanmSTyy GYBIS (clar 5T colled 4 pusis b o3le o) (et al., 2007
Sl oo oS 0l a6 Gl ploy S i 4 FgskmannSTy Glie 3 (S GRIBl cage () hmnS]y 4 o0
2o 1ol Sl5 5,0mnS | oS ke 4y b Cuoglio Slill g 90 SMnSI T Cud b g Cunglie

(Jaleel et al., 2009b) >g; anlgs g5l 25 bl )3 Jole G 365 ] 51 5YL

Bolgii g s o5 a0

5 Sl Sl 3l clled Gaall b Gudllasd obS sl cudyls 5 (oylol paw ials b uls 4 495 b
Oluogad (65 e bie Oyl lo d VO glasjio cud )b by lis e GiiSTly (i 4y Caus (gldie) Hldy 40 o
@ S | olS () )90 Sl S iy 15 lalpd 53 el Skl 3,18 5 4SS Sl olS (pl (pliosdon
WS o Shg 581, aald Jlad g 2o pd AD (glac o byl oSl @ dogi b s dgup o)l 3,0)8 pas Loty
elpls @) Joe i bl pd 1o 0y oaidd dguo S5 late 4 sl Sl Hlos 51 oalaw] g anisls Slas bolixe
Sl Slnallis 3,218 ol 23 1) 00)3 AD glas 50 byl g (ghas 50 byl 010> WD) oS ()bl rsbans 550
Ol 1y i @l Bl el Sl v 20y YO ()bl pdans )3 4,51 3905 S Vo o ¥ g ) (clacdale )
D9 o5 dog (65l 3l adaw pl s (g pSolul sl eyl ke w5 cde @ Lol ol

&b
olblS Clidixy  ingio—, ale dolilas (Thymus vulgaris L.) cpiosl 10 Jgeus 3uoyd 9 gy ol 05999 )90



IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il A

oo ol 3 sl csla s 45 S5 5 Tl el S Sl slaSig 5 il 35
AVE=ASD () Y

9 SU59098)50 Oluogad 1 ol Kbl (b Jalro 13U (VWA Ldize g5 g oy «Olo elpus ¢ S ye
SV XYE (YN0 o hel pple dppdd (s 15 blypd cod )ls oSl Sojglsn b
] L 535 5 pole dpputi SIS Ll )3 gl (15 €08 (gl e s 3 Gl glam T clled
XAV (V)Y

RQFONS (D) YA o[y (ol Gy tles) oS sl gy aloeo . Jlosi Ll

@ gl > Jseme logd (pbondion 9 (Sl Sl (yn (ITAY) dpdie g3lye g 0fsin (2395 CuwdSuu
AYSNY (EY)VF el loleS M) doleingy St i Lyl 5> Saleadls dyasd iy oo

cos ol 8l en (Sielnjd99y50 (b5 (VWAP) ondll posis (g9iye 5 dgrue ¢ Slsé )] Dl o5 nlb
FEY=FYN (V) YA o) Ll pole dlo . o o8 o5 Lyl )0 Slols sl 136

REFERENCES

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

Afshara, R.K., Hashemi, M., DaCosta, M., Spargo, J. & Sadeghpour, A. (2016). Biochar application
and drought Stress effects on physiological characteristics of Silybum marianum. Communication in
Soil Science & Plant Analysis, 47(6), 743-752.

Akhtar, S., Li. G., Andersen, M.N. & Liu, F. (2014). Biochar enhances yield and quality of tomato
under reduced irrigation. Agricultural Water Management, 138, 37-44.

Alvarez, S. & Sanchez-Blanco, M. J. (2013). Changes in growth rate, root morphology and water use
efficiency of potted Callistemon citrinus plants in response to different levels of water deficit.
Scientia Horticulturae, 156, 54-62.

Ashraf, M. & Harris, P. J. C. (2013). Photosynthesis under stressful environments: an overview.
Photosynthetica, 51(2), 163-190.

Babaee, K., Amini Dehaghi, M., Modares Sanavi, A. & Jabbari, R. (2010). Water deficit effect on
morphology, proline content and thymol percentage of Thyme (Thymus vulgaris L.). Iranian Journal
of Medicinal and Aromatic Plants, 2(26), 239 -251. (In Persian)

Buege, J. A. & Aust, S. D. (1978). Microsomal lipid peroxidation. Methods in Enzymology, 52, 302-
310.

Chance, B. & Maehly, A. C. (1995). Assay of catalase and proxidase. Methods in Enzymology,
Academic Press. New York, 2, 764-775.

Chinnusamy, V. (2004). Use of genetic engineering and molecular biology approaches for crop
improvement for stress environments. In: Abiotic stress: plant resistance through breeding and
molecular approaches (Eds. Xiong, L. and Zhu, J. K.). Taylor and Francis Press, New York, 47-107.
Dmitrieva, V.A., Tyutereva, E.V. & Voitsekhovskaja, O.V. (2020). Singlet oxygen in plants:
Generation, detection, and signaling roles. International Journal of Molecular Sciences, 21, 3237.
Flores, V.J., Fischer, G. & Sora, A. D. (2000). Produccion, poscosecha y exportacion de la uchuva
(Physalis peruviana L.). Unibiblos, Universidad Nacional de Colombia, Bogota.

Ganjeali, A., Porsa, H. & Bagheri, A. (2011). Assessment of Iranian chickpea (Cicer arietinum L.)
germplasms for drought tolerance. Agriculture Water Management, 98, 1477-1484.



A K10 5 yguaio ol ... pudlucid ol ot beondinws 5 (S Fo)50 jud (gl (sl ((itrg 3t — ols)

Gao-Bin, P., Dong-Ming, M. C., Jian-Lin, M., Lan-Qing, W., Hong, L., Guo-Feng, Y. & He-Chun,
L. (2009). Salicylic acid activates artemisinin biosynthesis in (Artemisia annua L.). Plant Cell
Report, 28, 1127-1135.

Garcia-Garizabal, 1., Causape, J. & Abrahao, R. (2011). Application of the irrigation land
environmental evaluation tool for flood irrigation management and evaluation of water use. Catena,
87 (2), 260-267.

Ghaderi, N., Nourmohammadi, S. & Javadi, T. (2015). Morpho-physiological responses of
strawberry (Fragariaxananassa) to exogenous salicylic acid application under drought stress.
Journal of Agricultural Science & Technology, 17, 167- 178.

Gupta, A., Rico-Medina, A. & Cano-Delgado, A.l. (2020). The physiology of plant responses to
drought. Science, 368, 266 -269.

Hamada, A. M. & Al-Hakimi, A. M. A. (2001). Salicylic acid versus salinity drought-induced stress
on wheat seedlings. Rostlinna Vyroba, 47(10), 444-450.

Hasanuzzaman, M., Bhuyan, M.B., Zulfigar, F., Raza, A., Ohsin, S.M., Mahmud, J.A., Fujita, M. &
otopoulos, V. (2020). Reactive oxygen species and antioxidant defense in plants under abiotic stress:
Revisiting the crucial role of a universal defense regulator. Antioxidants, 9, 681.

Hayat, S., Hasan, S.A., Fariduddin, Q. & Ahmad, A. (2008). Growth of tomato (Lycopersicom
esculentum) in response to salicylic acid under water stress. Journal of Plant Interactions, 3(4), 297
- 304.

Hernandez, E. A. & Uddameri, V. (2010). Selecting agricultural best management practices for water
conservation and quality improvements using atanassov’s intuitionistic fuzzy sets. Water Resource
Management, 24, 4589-4612.

Horvath, E., Szalai, G. & Janda, T. (2007). Induction of abiotic stress tolerance by salicylic acid
signaling. Journal of Plant Growth Regulation, 26, 290 — 300.

Jalalvand, A., Andalibi, B., Tavakoli, A. & Moradi, P. (2017). Investigation of the effects of salicylic
acid and cycocel on the process of gas exchanges of Dracocephalum moldavica under drought stress
conditions. Environmental stresses in agricultural sciences, 12 (3), 865-876. (In Persian)

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaram, R. &
Panneerselvam, R. (2009a). Drought stress in plants: a review on morphological characteristics and
pigments composition. International Journal of Agricultural and Biological Engineering, 11(1),
100-105.

Jaleel, C. A., Riadh, K., Gopi, R., Manivannan, P., Ines, J., Al-Juburi, H. J., Chang-Xing, Z., Hong-
Bo, S. & Panneerselvam, R. (2009b). Antioxidant defense responses: physiological plasticity in
higher plants under abiotic constrains. Acta Physiologia Plantarum, 31, 427-436.

Kadioglu, A., Saruhan, N., Saglam, A., Terzi, R. & Acet, T. (2011). Exogenous salicylic acid
alleviates effects of long term drought stress and delays leaf rolling by inducing drought stress and
delays leaf rolling by inducing antioxidant system. Plant Growth Regulation, 64, 27 -37.

Kafi, M. & Rostami. M. (2008). Effect of drought stress in reproductive growth stage on yield and
components yield and oil content three safflower cultivars in irrigation with salty water conditions.
Iran Agricultural Research Journal, 5(1), 121-131.

Kapoor, D., Bhardwaj, S., Landi, M., Sharma, A., Ramakrishnan, M. & Sharma, A. (2020). The
impact of drought in plant metabolism: How to exploit tolerance mechanisms to increase crop
production. Applied Sciences, 10, 5692.

Kshavarz, H., Modares Sanavi, S. A. M., Zarin Kamr, F., Dolatabadian, A., Panahi, M. & Sadaj
Asilan, K. (2012). Evolution effect salicylic acid foliar on same traits biochemical two (Brasica
napus L.) under cool stress. Iranian Agricultural Science, 42, 723-734.

Lutts, S., Kinet, J. M. & Bouharmont, J. (1996). NaCl-induced senescence in leaves of rice (Oryza
sativa L.) cultivars differing in salinity resistance. Ann. Botany, 78(3), 389-398.

Mac-Adam, J. W., Nelson, C. J. & Sharp, R. E. (1992). Peroxidase Activity in the leaf elongation
zone of tall fescue 1. Spatial distribution of ionically bound peroxidase activity in genotypes differing
in length of the elongation zone. Plant physiology, 99 (3), 872-878.



IFeX oG éylasds o ylgz 5 olmiy 8,90 o) ] (Lll pgle 4 il AY

Mardani, H., Bayat, H. & Azizi, M. (2011). Effect of salicylic acid on morphological and
physiological traits of cucumber under drought stress conditions. Journal of Horticultural Science,
25 (3), 320-326. (In Persian)

Masoudi sedghiani, F. & Amini dehghi, M. (2016). Changes in some osmolytes and photosynthetic
pigments accumulation and antioxidant enzymes activity in potatoes under water stress in greenhouse
codition. Iranian journal of Horticultural Science and Technology, 17 (1), 29-38. (In Persian)
Miura, k. & Tada, Y. (2014). Regulation of water, salinity, and cold stress responses by salicylic
acid. Frontiers in Plant Science, 5(4), 1-12.

Nakano, V. & Asada, K. (1981). Hydrogen Peroxide is scavenged by ascorbate— specific peroxidase
in spinach chloroplasts. Plant Cell Physiology, 22: 867-880.

Noori, M., Motallebi Azar, A., Saidi, M., Panahandeh, J. & Zare Haghi, D. (2018). Evaluation of
water deficiency impacts on antioxidant enzymes activity and lipid peroxidation in some tomato
(Solanum lycopersicum L.) lines. Indian Journal Agricricultural reaserch, 52 (3), 228-235.
Rahbarian, R., Khavari-nejad, R., Ganjeali, A., Bagheri, A. R. & Najafi, F. (2011). Drought stress
effects on photosynthesis, chlorophyll fluorescence and water relations in tolerant and susceptible
chickpea (Cicer arietinum L.) genotypes. Acta Biologica Cracoviensia-Series Botanica, 53, 47-56.
Rashid, B., Husnain, T. & Riazuddin, S. (2014). Genomic approaches and abiotic stress tolerance in
plants. In Emerging technologies and management of crop stress tolerance, (pp. 1-37). Academic
Press.

Ren, A. & Wang, Y. (2010). Effects of salt stress on stomatal differentiation and movement of
Amaranth (Amaranthus tricolor L.) leaves. Acta Horticulturae Sinica, 37(3), 479-484.

Ritchie S.W. & Hanson A. D. (1990). Leaf water content and gas exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science Journal, 30, 105-11.

Roohani, L., Zamani, M. J. & Fotovat, R. (2013). Variation in stomatal size and density of barely
genotypes under drought stress and normal conditions. Journal of Plant Research (Iranian Journal
of Biology), 28 (5), 986-994. (In Persian)

Sabokdast Nodehi, M. & Moradi, J. (2022). Study of the physiological and biochemical changes of
common bean in response to foliar application of salcylic acid under drought stress conditions.
Journal of Crop Breeding, 14 (42), 117-126. (In Persian).

Santana Aires, E., Lopes Ferraz, A., Carvalho, B., Palla Teixeira, F., Ferrari Putti, F., Possas de
Souza, E., Domingos Rodrigues, J. & Orika Ono, E. (2022). Foliar application of salicylic acid to
mitigate water stress in tomato. Plants, 11, 1775. https://doi.org/10.3390/ plants11131775

Shemi, R., Wang, R., Gheith, E.S.M., Hussain, H.A., Hussain, S., Irfan, M. & Wang, L. (2021).
Effects of salicylic acid, zinc and glycine betaine on morpho-physiological growth and yield of maize
under drought stress. Scientific Reports, 11, 3195.

Silva Lobato, A., Machado Barbosa, M. A., Abdullah Alsahli, A., Serrao da Silva, B. R. & Alvino
Lima, E. J. (2020). Exogenous salicylic acid alleviates the negative impacts on production
components, biomass and gas exchange in tomato plants under water deficit improving redox status
and anatomical responses. Physiologia Plantarum, 1-16.

Silva Rezende, R. A. L., Almendagna Rodrigues, F., Rodrigues Soares, J. D., Oliveira Silveira, H.
R. & Gomes Dias, M. (2018). Salt stress and exogenous silicon influence physiological and
anatomical features of in vitro-grown cape gooseberry. Ciencia Rural, 48 (1).
https://doi.org/10.1590/0103-8478cr20170176

Taheri, S., Arghavani, M. & Mortazavi, S. (2017). Morphophysiologycal evaluation of Bermuda
grass under salicylic acid treatment in water deficit conditions. Iranian Journal of Horticultural
Science, 2, 431-442. (In Persian)

Vicente, M.R. & Plasencia, J. (2011). Salicylic acid beyond defence: its role in plant growth and
development. Journal of Experimental Botany, 62, 1-18.

Yamori, M., Hikosaka, K. & Way, D. A. (2013). Temperature response of photosynthesis in C3, C4
and CAM plants: temperature acclimation and temperature adaptation. Photosynthesis Research, 13,
74-76.



AY o0 9 s5aio obaw/ o ypudlucd obS ot beodigon 9 (N 5)5t ju sy (Lol (g 3y — codc)

Zlatev, Z. S. & Yardanov, I. T. (2004). Effect of soil drought on photosynthesis and chlorophyll
fluorescence in bean plants. Bulgarian Journal of Physiology, 30, 3-18.



