[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VF—OF tamiv VEOY aloss 5 531 Y oyl VY Wi aLE 5 SIS 5 Al 3

b shome I slaqai 5551 (Gl sl s il e (S5 A e
& By, oSS

Y nt \ NS | . ., V. . 2 . . \ .
6)\&4&\'3‘3 J}«ﬂ)é‘)ﬁa o)bﬁl?dw%?sj‘gw‘_gﬁfJMc@L@JbLﬂ
Q‘ﬁ‘ u\..ﬁ‘}a ‘4_'9‘}4 omb “_;,',_,L:.S e AN gu,.ll..ﬁ\.i w.&.@‘gc}lﬁ 0_9;\

b‘ﬁl ‘C)‘Jg.'a' ub‘ﬁ‘ u."a«ﬁ K) @'L; 6‘.&;;;&‘52 Q\AJL.:Y
(\\‘~\/~\'/\V‘;1Lg£ jﬁ.:\g‘ @JU «\V"/'*/\VCAL{)} éuu)

oS>

5 OBl sy ol b LS o Jeow (gogd U 1y St Ll 3 45 el Waayly cp 58500 b o5 emdd 3 S shesue IS
Cou byl sl cpdy s dal S50 OF S H0uiS dmw g g Lyls KiS 4 Camd (50 Jod &S placad s plels
~ B 5 ol a2 (A 02 S N S VO 00 Y0 ho) mhe gy 5o JSGWS il S sl b gladed 058 Ll 2
4ol o llyy 4 b Slie el (K23 15 4 bog sl Jood Ol 5 1] (DS 5 CduS|y camg,l 4Bl o) (sohoms
DL 5 ans)l bl p (slacad 85 55 K3 ole o ys (S Sd GBI L sls 0L s A% sdomie (RSM) feuly mlaw 5,
8 Jo S (S Js NS (K5 5 5 05 it ols A p S V0 (K 5 50 bl o 55 3L Rl aals b alie
RO N 53 Bl g hgyl S 55 53 A5 Ui g B 55 ple & Comd g1 5 S slani op 5eS 5D Js IS
AR degsl 5 QLS Wbl a8 00 S Of g S I L g b gl ale ) Al SO ST A
3488yl 51 g D Ol o asb) a8 55 S b (B b 51 oS O od slsme o iy (213 b 4l i85 L
b 5 Sy i g5 Al i 55 51 gy 33 DL (K25 25l 0 e 3 e K03 o5 e 4 S Ll O 5 S

.:,gf;tbézsJaﬁlﬁja‘_;.x’\:‘)‘,s:ufwudgﬁﬁpgvoch_‘

oo o555 335l s il Taln) (s b A5 1S OlalS

5o A ) b ple s s IS s 05,5 4akae
dax 5l (ROS) 03ms| Sisly slaa S cuildl ey Lilgy 5 Ay 88 ol st e Sl ) S
S s 055508 oS 55den ISl (eS| 5y 5 I, Faroog etal., ) «xildS 5b ol i 5 e 5 g dio 3150
s5=S (Demiralay et al., 2013) 5 45 o O5eS! I3l 5 S 5 Ol e Glgims (B Ol 2alS e 5 (2009
sloley 5 Sl b pom o ouil L0l o5 (Antonic et al., 2016) s 0 S Ol el
ol S cal Lbapis ol s S was Jsl 5 Bl o canl rmsn bl o Six

hajizade@maragheh.ac.ir : S s S Gy S5 ¢ je ok 55°


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 of

Sl 53 1 S o Jos (s350 B 1, Of oS 5 o
bl W 4 B b B WS SWL L bl
b S St e S Wbl plulis 5 Olbsl s
sk oS pl S CiS amn g s Wl S Lal
b S ag eslinad 3 5 a5 Glaasar (o )ls Glaeslindl
S i, (OYAY () 3 dalt S5e T 5 s
Hassan et ) 555 o Hlege odday St 25 G (Gdhams
aw 3 als olas (YOIA) oL, Kea 5 Pane b .(al., 2018
ds,3 Y 55 L s Anjasmoro s Argomulyo Kaba .55
Aali boanclie 5o ady; 5 Oy Ol IS LS
aan izt Oy 53 5 Suls LLalS IVO/A 5 IVAY JAY/Y
A edalie (ol pme JalS (23 dalh ol a8
olis (Salvia leriifolia) S, olS s sdal =l
5SS 5 5035 0 e 56 (L O)PEG oS bl &S sls
PEG ;UL slackle 5 by Cill 0ad (slosgd ool
sy 2l 1 baolesla it 5 5 gy Olges (L V0= VD)
ol IS sl L il Lol (glosgs s
0L 5 Luo olis=s .(Hosseini et al., 2020) —sbL
Jiang sls ., » s Brachypodium distachyon ,s (Y+\V)
Ol oS &S SlalS sl olis (YY) OLas
Sy (i Oy s g mio Lazsls |y S Ss e
I 5 sliardsm o30S DS S 5 Sy O
G oo Sit a5 blis 53 clizes of e (FV/Fm)
G o s bl 5 bl Ol a8 L T il
SRS 5 (S ey, Odiatey corse oS IS 3 O
L S (Basit et al, 2020) 555 0 Jshor gel sl
5 el ol S oS 5 OT a1 e s L
e Solgns g Sl e Candy O S G g
.(Bohnert and Jensen, 1996) s ;5 Jo S
3 Glesseme RSM) - maly mhae culs 55
5 a5 Goledde Gl Lde bl - ol LSS
el S a3 5 g0 ey OF 3 S ol a3 G s
Myers et al., ) 5,5 13 Jites ble cptix 5U cou

03,5 3l ol slaans b ot s gl S 1 uiSen
AYAY lale 5 b oLL) e

Llg e S cwl S5 PEG) JSUS Ll L
ol gl s oledld G b Sl el el
S S gn Olilsr alowsas 55l &S das alS AS]
Siaga ) 5,5 o s Sodes 4 S5k glakl b
bow o WS LS L 0 salsl (et al, 2016
053 Jamn 53 Of Jomily (1lS o Sl 5 Sl 50
11U (Errabii et al., 2006) 3 3 o 55 Lyl b o (slads
G oo el adllas (gl Ol o 1 JSSOUS sl
58 elil CBLEiS Lyl b cod sleand Ol gea ( S
.(Elmaghrabi et al., 2017)

GNi 4 Jemte QLS axwg o b o ege
S ol e 5 e glacss olulid 5 b3l
Sheslinad Gl 4 Odeeny Sl e la iy 5l S
S oo Sl gladle s ol glads 0y kyld
ohst 5 Rl 53 eslie OLLS Wy hea (ool
Barakat ) coul el ploil COLiS 3 (gosd 4 Jaoie
Lol @l wsbels e (and Abdel-latif, 1996
03 e Jolss s (el dide ame a5 4 JoosS
Errabii et ) toaea J o8 LG Solo 4 slainsd sy kil s
M 0Buas iys s 3l ol kg 5 (@l, 2006
e 5 o Sl pommn W5 5 05l 15 5l 35 il
{(Pati et al., 2005) 3,5 o ;13 eslizl 5,50 (5 ke 3

5! Rosa damascena Mill. e ol L (geme S
ro b s eiems 3l S (Rosaceae ool sl
o e Sk sl (Noodezh et al., 2012) ool a5
alie JISCa 4 a8 wib e OF 8 olS ol 3 b ae LG
Gpae 4 Ol @lE s O 5 L (S
Slos e 5 bl (gile s b ) Of el )y oo
Se=s [S .(Mahboubi, 2016) 5,5 . |3 eslisal 3,50
ol LS e 5l 5 ol 5 oS LS ST 5L )
e Ll o geslie Gl danlia &S


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

o0 "-J'|‘?.ﬁ.cwlfrﬁ‘5| i OJJQJ".")“‘:"Jé Lis ULJUJLEA

b‘)“}du)

s wsains g sl 1AL slse o) slmer
37.3892° ) 4l e (sla g 3l Shases IS lows 0355 5l
«(37.5498° N, 45.0786° E) 4aws,l «(N, 46.2534° E
33.9850° N, )oLils 5 (35.4669° N, 51.6861° E) —.2u5
& alr sl slae S e s 43S ag (51.4100° E
23 b Sl Sl e 5 A e g e Bl V0 sk
5 s dw SIS Gl A LA CiS gladis0gys Ll
bos gy adlild; Gladilpr basain, Culle Sl Oluabl
L Jie edlddug o5l 2

S e 3 15 W1 g Sgeizns $osln ol Al
Loerme 8 s Bl 5l sddang bk gad sy 4dS
5SS (Gseds (WAL 5 b sy 5l ealizad
Kpedpy gy B P B o B VRN tN - RS
JS8) bl e sl YT slsl o Sika b o ld 53l
22 2l Dl LS ol s bl 2 5Ll e 5 OD
o Lo 650355 505 p Gl S p a0 ol A I
VS e S s cls il e A W ke
Sy baisadyn, eSS dewy pdy Lol ol osls 0L
= o Ll W lea A (5lulloen SialesT gl !
PN SO D O i) SIS s b e
5 AE easl boiiShowe 4 bl gk 51w (2 s
blos ol 53 U 5 odd S5 glaaisalsy, C2S
Slis 5o, VY Aol L Sty 5 5l w5 3.5 &0
A (63 pblssl ey 3

Ay LBl s hgein, KA 5 05 S0l
Sheslinal b ClS il 3 ssmse Wiselns gy S 000
e AE (Sl (/Y s L) el g3l
YF Sodeas 5 318 Sl am s Ve gles b Ol s Wk gad sy
deosd i el el s el 055 00l 5 S csle
Al ales Lad god y S O3

it L el
—— #* 100

atiy LelE T

S U5 ko s =

i) by ileag oy e Glag b s (2016
(o055 Sbayie) s gize otz Sl ke ((rs >
Gl ol bl b L e gladie el ¢l
S b b S S glagiie L s gl
51 ol 53 Omar et al., 2004) el losl sluws
pobeel SIS ol ye sund Jaas 505 58 glaetsy
Jbe S b)) Ol (laslons Sy b el 035
)l oalaul Jlm“b.& U’?-"}* BEEE) cbj..q' )}J\.;.a oslw d’ﬁlﬂ)
Fob gl S sl SOl ol o sl
(Myers, 1971) s oslatel cobeiS las
B - - R
Sl Al e tals s b 5wl 558 sl
ol )l sl amelr 53 058l 55, sba ol slse
daly cpl g3 538 Laalilels 5 el OF b ablis s s
© ol 5L el e ol by e (Sl
T P U e PO - L TS R X VA GO R\ W
gﬂjdmﬁgﬁﬁebjjkjbéi}ﬂ
Lils 5ol ol dals, o aST L eg o35 ool

el (glis O 9y

L B, 5ol
b S G Gl Olpe Cod Rl ol
Lo gldad 0o il cod glame S gl sl
Sl el Sl eslial b Sis 55 e Oda
i 5w Jeee glac 55 ol 5 P JSOUS
Jowe 53 1¥AV-34 Ul 3 (gheses S (3535 L S 2
Slellilsl Ol o 5 ke Glatasy S
Al SLEL wdige 5 pole 055 ask s sl
S5 oiilesl proman 5 oulbiialS oo LT (65,5li8

Qﬁﬁ@))& 4.9\JA oK.i._’:\b


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 N

<
t—s‘\,
&

L

555 5 ke o s W3 W2 W1 WT WD WF
o yn Av slas 53 051 5 S L 0sls,l 3 L) i 035 o
LS 5 sl 3 L) wlel 035 (sl YE Sidows 51 S il
Shedd s S 05 dcsle ATy Cdews Jhaie] o
55 54 Y0 glos o) cele i 5 sl o3 5l olS
el G LsSST s
GlaosSS, Sl gl K, (s pSell
s S e LS eslaad (VA¥Q) Arnon g, 51 (g s
e 0335 5l oslinel b alS 5 esle 510 8 410 lis oS
L Ao A Ol 2 e O s i3 S ot 50 2
Loostas 51 mdde ¥ oolie 4 5 08 Glol ek e
D3 03 Py S Loy a, bosd 05 5 adl
S MR Calgnn LS S sl adds V0 Doy ai s
UV-1800 Shimadzu, ) s s Sl ahws rss mbe
PYO s | IS sl sl £PY L;ucydjla 5> (Japan
okl LS8 sl YVr 5 b s ln st
2Rl Lbassmls sb @ by JS Ol e s S
S aslons Lg0d 5 055 05 2 p S e e
Chl a = [12.7 ( A663) — 2.69 ( A645)] x VV/1000FW
Chl b = [22.9 ( A645) — 4.68(A663)] x VV/1000FW

Total Chl =[20.2 (A645) + 8.02(A663)] x V/1000FW
Car = 100(A470) + 3.27(mg chl. a) - 104(mg chl. b)/227

Sis D oleang s skea taesls fdow g 4
Loombesl onl oo Jhisyse gdeme IS i85 ler o
d@ oo 5 V) as.s Design Expert )ljé\rjs 31 eslazal

«l ,» (RSM; Response Surface Metodology) ’C*"i.

Bmdjjijé d}dﬁ) (b);mm;..:/j.».:MSk?u,; [RRAINAY (a) 6"“45.}“;}.'.)_\ JS..'I/

Rl Sl sl igein, gLl (g Sl
Lao el tl.é:)l A5 S sl Sy d S 51 et ls
= Cu:)l Il sl .Ju_ajf S g ol J;,ad\fn > s
A L;J:fojl.).jlwai.:.b): 352 g0 ol Ll
5P Ok Lpper Slio Win, Zaghy el
S ool o Sy Gl (Geladss 03 (Sis
4w ol 3508 (RWC; Relative Water Content)
$lss (WSD; Water Saturation Deficit) ¢l i~
ol s (IWC; Initial water Content) S, o1 4Jsl
53 a4, 5l ol (LWC; Leaf Water Content) & .
(ELWL; Excised Leaf water L0sS) ook » oS
ELWR; Excised Leaf ) S, ;5 sidg,lieS ol lis
S 5l a,cees 3l i ol Ol (Water Retention
Casb) o $lgme Lai> (RWL; Rate of Water Loss)
Sy als 5 (RWP; Relative Water Protective)
& Se3lkl (LWL; Leaf Water Loss) S, of b,

S E B
RWC= [ ;=== 1% 100% (Ritchie, 1990)
_ _WT-WF .
WSD= Lrwn] % 100% (Ashkani et al., 2007)
RWL=100 — RWC (Yang et al., 1991)
IWC=[ =] X 100%

S (Clarke and Townley-Smith, 1984)
LWC=[——=—1] x 100% (Clarke and Caig, 1982)
ELWL=[r==]x100%  (Manette et al., 1989)
ELWR= [1- (-=)] x 100%  (Yang etal., 1991)
LWL =["=5] x 100% (Xing, 2004)
RWP= [::,::::E] x 100% (Hasheminasab et al., 2012)


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

av "-J'|‘?.ﬁ.cwlfrﬁ‘5| i C)})é‘lﬂ-j‘}:’)b Lis UI-JUJLEA

b‘)&ﬂjdu)

A Jsd) Col Jlay 5 0 (6 mi 3 | (Predicted-R?)
shems J8 555 Sl Ul Sas i 3
JsSOUS sl o blize Sl gladad 03,8 ol b cou
OLEs (Ya) IS 53 sehemme JS 535 Dler Ll Ol
Ao g > abl e (555 el Gl el el el
G555 s gl Olpe oS bl IS sl
Sils b5l Ko banglis 5o 1y gLl o i i3S
2pS Vb a5 LS Gl m e I L
e A8 QLI 5SS sl o 85 A D3 A
cho SRl L el s edalis baoslsls gl s
SE5 03 SR A e S Ve e IS Gl
5 YOV XV DF/Ye oLl 5 caaSh sl wél
53 oials dals las,lsls Loacglie 45 dwys YY/VY
Rl banlie D3 bl gy S Jels gLl O
33 S ol JsSSUS Ll L clale 1l b a5

sl3 OLES Loyl Ls pLisf Ol e
53 WS sl b 5t s s aKabs] Sldis
s sy s (Colocasia esculenta L.) 5,U oS
sl sls olis (Solenostemon  rotundifolius  Poir)
Jsb ol sl oS sl s 511, S A, JSOUS
Cod Db dald oS L anlis 3 gliade; s ol la
Sgdomn b3 s o oS Wi,y 2alS Crge 5 das el 3 30
Jsb 2ol 5 Jobo o gladl s 5o Ul (o 0
PO W S - IR SR BN C g T E
Sah00 ) LS o 55dmee |y olS gal sy Culgiys oS 33 5
3l (et al., 2006; Hellal et al., 2018; Sahoo et al., 2020
315 (Ko 55 A5 OS5 G g elS WS Jlee S b
So3olS W 5 asmis iolesl s (Sahoo et al., 2020)
Losldgluand (S5 55 ome 5 S8
S ol rals oS a0l 700 clale ;s PEG-6000
Xieetal., ) s)ls Sdllae Jtola3l cpl 53 etal Gty b b
Jsb dexr 5 (K585 Dlosas s Rals (2018
wals oS s S a5 IS s S e kb Bl

Szl Ol ey s LS rpasly bl JISG) sis
Dles 4 sldie Gl s S Jol 2l oiales
Tl By 8 8 e Sobal s 5 a5 A i
Slaesls slos » ol (5Ll SacST 1 6l 40 sazmn oy
S sy JSa planlp Gleage 03 &l id-
BRSO R P NP KN I P e
aly ShalS e bt sl (ol o b nl SeS'L 5,8 e
oS Blime Sl p 55 a5 O e S5 Jdo il IS
T s ol G s (s s - iien 5550 LG
ol e bl b sl Sl e Ly Sl Lz 5 ol
SR el 55 sl Lo (6l s I s Slee

b S

Cou g mls
S il 5SS 1L S Ol s sl
Voo s GRe) mhae 5s 0 ade Dpen HSU )l A
W) Glee S 55 Dl oo 2 () s S
Sluark  SB o Olpea (QLIS 5 sl )
sy 3l eslal L (Design Expert )lj-é\p; 33 (v Jsa)
DA el s dus IS s Sl ol e
s S

sLoasls » S5 851 Jel ml
S ol b ez B s 5 lex 5o (RSP
S0l RSM) ey o 2y a0 bl s Jsir
J;E oias
oarls Slie 5 JsSSWS Sl L Llae Sl (gl e
Glame 8 85 Ll o iS5 5 05 SSSde
Lo s S Jlext o 53 (DL 5 CdaSL sl bl o)
331 ko33 0 ezl w5 S odle Aoy Ol o s
Slaosls Gl Ol oS 5> L @l rien (7 Jsi)
Laosls s jlade (R?) _a3ls sbaesls b Jike ol s i
ok 4§ b s LB 4 cwnd Jbe sba bl sl

Ld laesls o h 5 Jde &8 Ol (Adjusted-R?)


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 OA

Nl 53 0T odddy ;15 p3lis o ghas 5 Jitws (slo ko =) J sk

il J =
ol ULas  ombas sl Bl g e e
)l‘:"‘ J‘”Li) 7
+1 -1 & — -
YO/AS . oo /e L us - |
o ® 10000  0.00 / s A QL) IS ksl
¥ =<-:]a..~ oLilS M-J\Slﬂ 4o gl c&\f 6""‘"“-‘:"1’ B L“&r-;sfj

0503 Bl ov e 8 i Ller 3 SIS slatlip (S ) Jeel puibols 4 s Y Jade

laded
Slas o SCLe
ar)s

osle Lo ys S O3 505 sl gl el Ol et mlee

S S, g S, ol ls
V&7 /04% AR VEVASEE Y0 A7 \ (A) IS sl L
YIA/QYH® q/%0™* 04/AY** TATAZ AR Y B) 555

A/ fF* /P frov* Yo /AVEE AEYAR A Y (AB) s 55 % JsSGUS Lol

Yo/VY /8 YAts VA f/¥ \$ Uast

Va/4. Vovy £IVY WA %% A R

M)é O JLA:?‘ ch.ﬂ J: 6)‘)&# Jw‘ Ji.;\:-! * 3 MJ) \ JL&:" ch.ﬁ )b 6)‘)&# JU&‘ Ji."?.'.' i 5)‘)@# JU;"'l cJ.P ns

J.LA Y u‘ﬁ.ﬂ K} (Adjusted-Rz) emﬂ; J.k.n' 29 L Q‘ﬂ ;(Rz) u"“;‘ﬁ 6Lhe>|: b J.Ln em&g& 61.&5:‘.‘. &Lh.? Q‘J:.A -y J}b

S8, s eyl s (Predicted-R?) L slaesls s i 53

Predicted R2 Adjusted R2 R? Jte )
VNS +/4) +/4¥ tU.?)\ \
NS AN Af S ol Y
AT A5 Y% 5 O5s ¥
VA VAT +/A0 S O3 ¥
< /0F EA VO S osle Aoy 0

Y Jad=) 59 Aoy SO Jlez! w2 Sp i s 5 Sl chle sl boss s 5 Allium hirtifolium

oLS 3 4t Cigh 5o S Sist 5 5 05y Ol o 5UL Hellal et al., 2018; Ghassemi-) <l ol sdalive JsSCUS
L sdalive JSOUS il cilises gl pla 5o 5 Aala .(Golezani et al., 2018
ao boanslie o 0L gl Glp LR el s Aoz g KiS g 5 05y Olpe p S S 80

055 PEG i 5 e S 00 50 mhau 55 55 K3 sl 0955 bl b cov sdezme B sl sl KiS el
53 5 Sk Al QLIS 5 aepl wile oS85 s S S ol (Ko i 3 g Sl wls rsladed
St Aald olS ay Cond 5 035 Lot b CdaS 5 55 053 Ol Shams 8 i Llexr o IS sl L


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

04 ~~-J"?xt«&xd‘wbﬁﬁh‘ﬁﬁ&ﬂaw C)‘Jw}&u)
Interaction Interaction
50 _| B: cultivars 22 _| B cultivars

~
2
— [=]
P g
= o] !
R
= 2
=y ey
jas &
@ 0 =
=
10_| g 4
T T T T T T I J T ! T I
o 20 0 80 80 100 0 20 @ &0 &0 100
Interaction Interaction
18 B: cultivars 5_] B: cultivars
4]
o~
o
5 e
= )
= B
Fis n 24
5
1]
o_|
T T T T T T T T T T T T
o 20 0 80 20 100 0 20 a0 &0 a0 100
A:PEG (g/) A:PEG (gD
Interaction
80 _| B: cultivars

~—

&

e

o

B

bl

=

o

o

e

&

(-9

=

[a]

o
L :

ol -
T T T T T T
0 20 40 &0 @ 00
A-PEG (g)

o S5 55 Ll o JaWS il lie S 31 edias Ol (RSMD ey o (5 5 Jool (sibny 93 ls0d =Y IS
K& osle Ao yd (d) K Q)‘, ‘(C) )3' QJ} (b) 3)3 Sl g(a) CL&S'J‘ Q‘J‘_.a 2 (B4 olals K B3 AL—D.\SL.{ B2 4.:#})‘ B1 4.9‘,0)

(e)


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 iz

S As S8 el JLid s alS Lol s S
S8 5 0is S e aLS el 5 Of (6,8
Jatoi et al., 2014; Fahad et al., 2017; Sarmadi et al., ) .1
L5 9 s el (25 .(2019; Sergiev et al., 2019
53 QUi el amine 5 38 o e U Sl S
osle Il Wides Olidms 31 & 358 e olS A,
o iasOlis Conl See ol 25 dsb s olalS s S
35S 5 0ys (Paneetal, 2018) dsl S A5 4 oo
5 Sl DL s e i 51 S Sy S sl ds
Joos adlle sl (S — s She S Olpen
O35 ORIP! o e eslial QLS 5 (ol 5 S
SIS sk s 5 (SO A e Sy S
0> S 0y s oless (Martinez, 2010) ol ol
i s ol Wsa ol oSes i el
(Xuand Zhou, 2005) Ll azwlis des 5l bl yda sy S
St osle maxd (A5 Lyl pd s oS eld 1S uoean
Bl 5l ey Jemmte pB)l azaile 5 azaly; lacil s
sl el S 055 (Meeks et al, 2013) ol ole~
SR R P PR S CIP PRSP CI: R LGRS SRR
S sd sla el sl 4 - 5 L L(Abid et al., 2001)
S 35 0 Sl e (YO-a gla SK8) ol e S 585 s
o3le oy Oljee el i gid ammiips 5 )5 3Ly Ol
Aas e il 1, e
B sy Nz Sy oolan p Sas s S
s Jodr i iglaned b0 Iyl d Cod gdesw
PSS G s e 2B a0l (Y Jsdr) il
Olpe PEG 12J 5 0 5 Y0 sl 53 250 S sl Ol
Aald 4 ol gl 5 QLS wble s 5 S sl
YOAD ialS CouSL ol 53 5 i Osk L
CadSh 55 s Sy slad aSul L sdalin (gdo s
S pebls Kos Gl aw boanlie 5o Jy cil rals
3 S sl PEG 2 5 f‘ff 0 chle js g i

DA L i 05 L ag )l 5 8l OLES s 65

053 PEG 2 5o S00e 5 V0 glachle 55 0t Jols
G 8 SGosba Sl SRl e 8 ) Ul S
Rl baslie 5o o cpl 53 1y 5055 Olyee o AUL <215
PEG 1 2 0,5 Y0 clils 5 (Yh JS8) cdls b 55
535 SRl Al 5 bl GBS e S O35 Ol
OBy S Ui Bk sl sl rals olals (o s
Ale 3 UL PEG &) 085 00 sl 53 LS 5 e
AL edalle CAUSL GE B 0y el s eGP D
s S Oy Bt b (opd B )l s 55 S s
G Vo chle 5l Slosl i aals oS 4 o
035 3 a8 oS85 aes 53 PEG 2 5 ¢J§ Yoo
Chle 55 L S QLIS L g5 55 s LS sdalie Sist
Gl boamlie 55 S S 035 IS sl L
K oslcsss oo oo (o o) col il Ko
3 5 03 Ol AUk s bl G5 hes
S ) SIS I e oty s S
Ao b a3 bosps ioslhe S S (s
D SEE RSl 3 o S5

&&:mcpghw&;}uu,uﬁ
IS sl 5 il bline S S sba <55 3
gﬁ:sy) Y Jaas) s s g Loys O Jla=| ck..: 43
VO 5 YO CE.A 00 K osbe s s Y470 5 YA/0F L 48l s
Lo YEAY 5 YSIAY b wwnssl 55 5 PEG 2 0 S
GLIs PEG ) 5 o8 Ve 500 clils s K2 s
Los sl ple 4 Cand S ole do)s Ol 0p S0
Al O 55 A 50 K o3l Ao s Sl kS Ly, sy
ol boaals gl b ls Lo anglie 53 QLS 5 4wy
CSl L e S e Sl a5 e
.(vd Ji.i) ol als i osle ds s

PEG 7. ¥ 3l eslitesl &oypm 55 A asde ioles] s
Lals b oawslie s al JBj glacs sl 5 05s Olge
Mazurek etal., ) csl, ZaSPEG 7V chle ;5 5 Al

5 O35 ek A5, sla,sSB el ps alie mld (2020


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

£ ...3‘?;&&«&,}6‘4@_‘b})ékﬁlﬁ)b ;.-b'umbd&ﬂ

blj‘&«k;dﬂ»\b)

Interaction

-]

B: cultivars

In F“r} In

[

a: Total Chl (mg/'g
(7] 4

20
T T T T T T
0 20 a0 &0 an 100
Interaction
20 _| B: cultivars
e
= _|
[
)
)
E, ]
.
—
=
L
Y
0|

A:PEG (g/)

b: Chla (mg/g FW)

d: Carotenoid {(mg/g FW)

Interaction
40 _J B: cultivars
35 |
30
25 _|
20 _|
15 _|
T T T T T T
0 20 A0 ] a0 100
Interaction
[ - B: cultivars
oI
a.
[ o
3 _] 8
5 18-
4 ]

A:PEG (g/)

Gheru 8 85 Ll o IS sl ks o 31 samsolis (RSM) Fly g ) 5l ol dm g3l ged Y S
(d) 1595, 5 b Jbdy )8 ) a byl (@) JS Jds IS Olpm 5 (Bs QLSS 9 Bs csaS|y B2 4wy, B1 4l )

Argomulyo 555 5 JsSSUS sl L /¥ 5 Anjasmoro
dals olS L anslis 53 JsSGUS sl L ds s ¥ okl s
e ol Sas S 5 alS il g i S oslaes
by ol Srel Joly S 5 O 2SOl
(Pane et al., 2018) axl JsSSUS sl
sboasls 5 (Kb 25l Jelb mk
S AU e 8 8 Ll 0 SSSn
J 95 Sl s GBS, Ol 5 S
S el sy S rgladed D)8 i b Cou (ghese
Dbes blixe Sl sls QLS (Y Jsur) laesls bty 4y
@ile) sleme 8 g Ller o3 IS Sl
@ Jods IS (IS s S Dlio (LIS 5 S BuSk cane )

Cd B 555 50 S sl oS s Sils
SRS PEG ) ¢ S Y0 G5 a5 (25 0k it
G855 Sl PEG 2 e SVO chile s il
OBl Ll RIBl e Csd s s Liels casy
s GRS ) e S Ve IS Ul ke
b A Jols Bl s il o5 S s s
EES a b SE A sl 50 s S sl
s el o Sles s 0 (Ve SS) 5y OIS
ekl ;5 PEG-6000 U sdslill S 25 o | g
g plSon 3 S sl i jasiia TP UY Y i
Ol gslie mld Cosd ¢ a0 atm Srewl 5L
5 IS Ll L 78 5 Grogogan s . Aes e


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 #Y

0505 il s cov gheme 8 i Ll 03 (RIPnid satls n (S Sl el bl 4 s -F Jsa

laced
S S s S e

L b el adss)s gl el

YV AGYAR B AT VAR S OYY/fY** \ (A) IS L1 L

Y E/AYEE YAA/Y « #% VEorVEE FYQ/VATE A B) 55

\A VY/Q) q/p = \AvAt Al 555 X (AB) JSSUS sl

AR /YY VY A \$ o
Y0¥ ¥AY YNY \/oF A R

M)) o JL&:" ckm JJ 6)‘3&.&4 dw‘ JK'IL_:’ * K] M)é \ JLA:" ch.» )) 6)‘)&# du:}‘ Jg.vl:.! i 5)‘)@” JU.‘;&l c.LF ns

J.LA K O‘pr’ K (Adjusted-Rz) e.k.ﬁd\ﬁ; jk.n BL L Q‘xn ‘(RZ) g;é"_p L;Lhe:‘.\ Li JJ..A eﬁ&ﬁ‘;ﬁ L;Lha.\‘.‘. é;lh.? u‘# -0 J_,.b

G g5 (o5, 5o (Predicted-R?) Ldo slaesls L S o

Predicted R2 Adjusted R2 R? Jbe 3,
+/AA /49 /494 JS s ks |
/48 +/AA /49 a by S Y
+/av /AN +/49 b s s A

9 4_9\]« gTM”ij JS J:.})Jls )Uﬁ.ﬁ DL LS)'::*; LPEG j.:j JL@;A}‘CE.»N‘)Q CA:JJJJ.Q\ CML;)M)J))LS (.b J.\.éjjls

A S Ve chle s S s s sdalis )l — Slellbl 1 eslizad b Bk 5l g s s Aoy S
235 S Sl ams )l Coss s IS by IS s PEG Joe 0l s i slaesls U5 0150 O Jsd 5l kel o
53 LA 5 CBaSh S s i O a8l e S sl il ol Wesls plas luds (R?) a3l glaesls
Jeds IS Olge o3 b Ly, G PEG 1 e SYO il Ol 5 (Adjusted-R?) sis a § L s bl 40 Cod ke
PEG ) 5 p SVO 500 o chle (5150 L &S ails S 51 (Predicted-R?) W glaesls o i 55 Jde &35
chls s il el S by IS Ol S 55 50 o 5o (e Glapie 4 romen el Slo) 2 (G 233
85 02 S Jds S Olpe 5 PEG 2 e 8 Ve Vst 0 JSUS Gl e e 5 5L ol
Seis QLS i3 5o Js il ials s et ol 0l oL
a0 atiedalin 85 Sl IS JBuAS Ol p K25 S
S5 e b sa JBs S Ul p Kis i 30 L S5 el 0550 Jld cov e JE
S YO Chle s rgladed 050 bl Cow ghees 8 2l L kS e imesn ol JSSUS LI
5 amp)l e S5 s a s S Ol PEG ) S syt Gl 5 s NS e plie a5
chle s cal (Bl csaslh ol s s el oS Sl chale Al L awsl 5 4Bl gy o il

B slagsiss aea s3a J305 Olps PEG &) e S 00 dald & i S J3s NS Olie A g S 00 & IS


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

Yl el ) aed 055 Tl s (S5 25 adlllas

b‘)“}du)

0551 Jlsb sl S W5 sl Lama 53 S 1L
Wded O eldenSl s 30 b 51 S 555 0 HaO2 5 07 il
Tatrai et al., 2016; Meher ) & ls (& b5 IS g 55 s
Jeis S Ol (Sist 25 mhaw 2l L (et al, 2018
Sofo  Hajihashemi b b il Sl b sa s
Jsa 5s)S Ol S syl lses (T)A)
S s LAl o s bl O sl
Faroog et ) cul solacnst i 5 550 culle G Si
oS Sk s J,SWS L3I L Ll (al, 2009
YUY S L JS Olsn sls OLES azin Slgz 31 e sl
Ol 40 A3 555,18 5 7 YAF D Lbs IS L VR0 a by IS
Razavizadeh et ) il rals aals olS 4 ol 7 Y4/0
ol 5l U el (S b5 IS 8, o 5l (@l 2019
oIS o s sl of Jlise 5 W, IS 5T el
s Ul b5 IS Ul5e 2als .(Zou et al., 2010) st
Sl ey sl (S 2555 ROS W5 )3
O ot 5 e OpmlienSl 4 e oS el JSQUS
55 sl b JSSUS Il ol ok ooy IS
Js S Ol 2 5 0dd s gib g o S Lol (g sann]
s et g 25 68 8 308 e 1D LS s a
5 o e S, bl oS Sl pla 53 LS
Ly sy 2alS (ol COp 2alS (gla s 5 5,501 a5
.(Shivakrishna et al., 2018) s> JLis«
e Rk, lime sl Sis i S
s Loiglind 08 Bt cod e J§ o
(B Jsdzr) baosls ilsls a3 edal Gzt i
Sl IS Gl L sles blie 3 As jasie
(WSD) T gLl 35008 (RWC) Sl o asby (gl giome
g 53 S 3l RWL) wycas 1 o ol Ol s
(LWL) OF cusb, 2als s s e Ao O Jlax>]
v 3 (LWC) ol Glgme 5 IWC) O aJsl |l
Sl e s sl ol Sl 5 oy S Jlax|
o 53 5 Aoy S bl e 53 ELWL) abyos

sl ! 528 LIS Olpe s A3 sdalie (6 ki 450
oS e Sl sl el Kos ) e o S
Lols > a0 4810 G555 8 [ IS Ol 03 Sk 3 A
Ly alS Wy oy CdaSL 5wyl OIS L5 s
aw banolis o CAUSL g5 s fals L) S &S
SE e (b K sp mhe Slee K0 i s)
O ol (USUS GI ad e S )00) s
G 5> O SR S s Wl B s A 8K
b 8IS Sl L, omen L edalie 4y
b Jeds IS Olsn (iS5 35 O QLA 5 4ol i 55
gl oo A gdeze 8 a5l ple 4 cad )
2 b s S Olpe UL PEG 2 a8 00 5 YO
RSV BVO sl 5l Al selie C2USL ()
300 Jds 85 Olp it Ll 48le 555 PEG 2
(rc |9

IS 555 e M50 Ol g St 5 3G
23 W55 508 Oy tgladed 03,3 il b Cow (ghewe
Sl Ly SSPEG 2 e S0 chl B le s
L5555 Ol 2 o S Vee VO il 55 Js ol
R N A PV TRty Rt PRRUR BCA LY
e 3 CRIBL A (Gl s S ISUS Gl
5 CESh o s 5 S s5)S Ol 3L LAl o jlss
B Al WS sl L clale il L aaesl
A e SV Y0 Al 55 485508 Ol o UL
e 5omly 5 sl o5 4 by JiSUS ol L
(Fd JK2) s caSt s 4 by e

Sladel 3 s ol Ol eSSl L (Ko
(6 s 55 SIS s gy S oz 51 olS (S sk
Hazrati et al., ) 555 0 0LS S0 o= L sedsld Sl
aS sl QLIS G S k& (2016; Mazurek et al., 2020
Ol ,alS el JSSOUS ol L 51 3l Ko i
Guo et ) p.uS (Hsu and Kao, 2003) o= » 55 JS' Jbs JS
)58l A% (Pratap and Sharma, 2010) il 5 (al., 2013


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 Al

0955 Jal pd Jaul 3 G gomes S8 5 85 Sl 03 S gl g sl p (Ko S5 feol byl 4 -7 Jad

Sl
Slay o S ars
: > - - - — - B Ol pns Gl;,«
why s ol Ollyme Oyl e Ol pldl g Ol ol Glye (G015
N7/ 104V/\ 0F* N Vana \NAATAR R TVAA/SQ 5 \ (A) IS L1 L
YANVE* YYV/\A** \EVAT YYO/VA™S YY&/fYnS Y B) 555
£/AO" \VE/00% ARVAN \RA7RA YO0/04* AN B) % (A)
AOA YAV «/OY AV/YA LXVAPN \$ s
Y/A¥ NSO YV/EY \Y/o¥ Ya/VY RO -

M)) o JL&:" ckm JJ 6)‘3&.&4 dw‘ JK'IL_:’ * K] M)é \ JLA:" ch.» )) 6)‘)&# du:}‘ JK.IL:.! i 5)‘)@” JU.‘;&l c.LF ns

4 J_,.b aalsl
Ol o 0 Sks
= = e
B Lg\jbmﬁé:- J"w*"%" Q\):.a ;.;\ sldae _ Q\J:_Ju" CL«.A
\_J\ Lf:{)k) ﬁ[s _ _ 63‘)‘
u‘ Lf“"" 42."3);,.»:) o.\.\iéjl.)\.@_i."
YAFA/SYHF VAR G YAV VE*E AANAZLV \ (A) JsSSUS sl
ARV \R7AY S YEV/Y s ARRVAR & Y B) s 5
AA7AanAs o/yqns YEV/ 0 - Y B) x (A)
A\t /) \YY/0Y V4/4v \& o
¥/ff 047\ \0/f4 Y#/NV G VS Y

A3 0 Jlel o 3 (55l e U S * 5 deys ) Jlea T 53 5 ls e Sl Sl FF ls gme DU pas ™

Jia &35 Ol 5 (Adjusted-R2) sadas § a5 53 blis Oljm (R2) _adly slaesls b Jube odd s i slesls 335 O joe -V J s

esby bl s (Predicted-R?) wds sbaesls o i 53

Predicted R2 Adjusted R2 R2 Je 3
AT /50 VS RWC) O i by (gl gioms \
/%0 /50 VS (WSD) f gLl 3 5a8 Y
VJAY +/AQ /4y (IWC) T adsl i A
oY /8% YV (LWC) < (gl s ¥
/eeq ¥A Vo (ELWL) 45,3 3 ol 0
Wind Wits N (ELWR) s (5,106 O luie 2
VAN OV Ve (RWL) b ;s 3| s o Ol 50 %
- ¥ /Y g (RWP) I i (gl sies Lai> A
+/AY /A0 /A8 LWL) of b, ials 4



https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

70 ...3‘?ﬁ’c~vl§gﬁ‘5|w‘_‘b})ékﬁlﬁ)b ;.u’"'umﬂud&ﬂ

b‘Jw}‘ﬁu)

Interaction
80 B: cultivars
N
60 _|
~—
B
g a0 _|
&4
©
20 _|
o _|
20 |
I I I ) I I
o 20 a0 60 20 100
Interaction
12 B: cultivars
K
10 8-
.\' \\\
N N
L AN
-, \\\

A:PEG (gl

b: WSD (%)

d: LWC (%)

120 | B: cultivars

Interaction

g
./.'
20_|
I T T T I T
o 20 40 &0 &0 100
Interaction
100 B: cultivars

A:PEG (g/)

hooe IS 55 ler p IS ol blie Sl 51 edas L (RSM) fewly g hg) 51 ool (sobmy 3 ,lages —F IS
ol gl ,laie «(b) (WSD) i gLl 3 508 (@) RWC) S Ol g Sl goee p (Ba O3S 5 B3 Sy (B2 awy,l B 4bl )

.LM\QM@)L&J‘\J}&)JJ}K{‘K

@ eomen el ol Ol (Predicted-R?) i slsesls

Casks lge sl Ol p K25 i ST

Lild cov sheme 8 g5 s RWC) ol
Ol JSUS il clle ol borgladed 00
3L Al S s 53 S O el Sashs (sl
VO Chle 53 S Ol e Cush sl Ol o UL
02 M Sl 5 Sl S LS55 6l 2 PEG 2 e S
shls s Six i c)u 0 lacs sy ple chle

(d) (LWC) o sl gzme o(C) (IWC)

gob amlie sy 0L QIS Gy A S Ve
G SBSL LSS S sl ol St i il
N3 gme o3 O a3 RWP) Sy OF (sl yome Lo
bir cdo s (Som 0 e ol Jol sy
(ELWL) b ycees 31 Ol Jllie (RWP) Ol i (g gime
Jlel e 55 Sy s (ELWR) sl ol Sl
Al e Aoy SO
3l Olsae V Jsd 5l ekl sty Slellbl 5l slizad L
Sie (R?) w8l slaesls b Jue ol o i slresls
s bl 4 e Jde gl b gl beesls Gl

o 03 Jde S35 Olye 5 (Adjusted-R?) edias S


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 5

bl 3 Cod S n 5 S5 Sl (S a3l e
Wil S omhe b Sl O JRalS a5 (el i
o e NS ysbay s slaai S (Nawaz et al., 2011)
JUs 51 .QJenks and Ashworth, 1999) L. e p ok
Shorms 8 Ciliie Glawr S aseacons seloodge
orl s e LS oS ol Sl g3 a3 Ladis, o5y
Soso e fSH= 5 S 5 53 COz ol Slas ghls w8
«n! y esle .(Mott and Michaelson, 1991) ey g
b it aaly S5 gladiss, ol jnay €555, UL oS15
Sy sy Colds el cpl 15 sl Of Gy 1L
(Zhang et al., 2007) a3 o | 3 3G
Il 4 o O a8 Dl (K2 5 56
hylyd cov ghee 8 gy Ll (WSD) gl
O3S ke (Six (55 e (515 L gladed 0553
W23l 5B 55 aea 53 (WSD) plal b o oo
OLES sl 55 o pledl Sl 4y G T 5518 Ol
S e RIBI L s S RSOk Bl 8 s w2l
ao b aglie 53 Sk 555 PEG 3 5 e S YO o
L ocdls 558 WSD Ol dess S 805 (i
Sl S O 35008 Olje (S 25 Dk
w555 53 » PEG 2l 5 e S VO 500 chls s sl
CLE U amg)l CifS as a5l S caasl 5 0Ll
Al L s s Sl i PEG 1) e S 0
5 gl Al 6 s Ol 35S s op 7S sls OLES
s CE8L Cs5 o PEG 2 e SV 2kle
5 Mannan glaasl L Ll (fb I8) WS sl
Lddins Olaiee 3503 Jlgan )5 53 (Y414) Shashi
Srs S Olsen il G4 o O3S
Joie a8 Llals ¢l Llg e Gl o S5
ls oylal 3l O 5508 Olyme 4 WSD il died
SLS e 4 OLLS fuly (Sls sl Olgsn &S Gl
i e 5 ol (S ()5 e I e Cilisis

.(Grudkowska and Zagdanska, 2010) <c..l a> 3l

a5 55 53 Ol o Casby Sl PEG 1) 5 S
Sopme Ly K boss) ale als Ly, Ol
53 S8 PEG ) 8 VeeoVO sl 515 il
(fa JS8) s sdaline O s Cusb s (g g2
Casb) Ol UL s b asl e 5 ClaShy 5
RS L O 3 5 oS s fesmie Sy O
sbrl (235 Ll 4 ol Sl (el Casb sl
«(Siddique et al., 2000) S 3 suxze lislesl 5y el
Rahimi et al., ) «; 2l «(Egilla et al., 2005) ;o ot
Akteetal., ) ~ » 5 (Rahbarian et al., 2011) > ;= «(2010
WS Lol L el il Loas sls olis (2016
u@uQ@WSQQ&AGgTWQﬂon\}W
2ol sy O i Casby Gl Sl
Jom e S5 sl (Sple llad Olje 5 olS slazily
Aas o 0L Iy 3pd aseia ol oS Ll oa elS
oblS (s 85l wl s b (Sinclair and Ludlow, 1986)
ol L ebeedsn o (SO nsd e Glag sl
Sl Sl 8 Sl s e s SES SI g
S RAer 3N S o R e Sasbs b s 4 e
S 3 bl (sl a3, i LS Gl o 5
ol Grae UL Olel, Las 5 Of Oslscans 51 ol s
oltle ol a5 &0 (Setter and Fregene, 2007) <.l
sprs Slass 8 il LS S esll s ol
el Jae G55 s 0T Cudbse s 45 sl
el U Culbrs s S, bl Sl
s T Wl Sl o515 L S slad s (658
bopie gl Gl s Sop AT Ll e

(Nawaz et al., 2011) el S JUL o dol 55 o peas

Gl Gpenl 25 Bld s poparta wis LS,
bl s s i O oy 530 s e (3L Sy
Brouillette et al., 2006; Donovan et al., ) Los o sllasl
bl 55 S, B ckw 23 o554 S oyl .(2007

S 5 s S S S e sl


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

14% "'J"gf’)fé‘"t.‘,ﬁd‘w;.;b,’);hﬁl)’jJ; ;(m.’"'u:«:u&.d

b‘)“}du)

Sl L as e 53 IWC 5 LLWR a8l jlide aslss
2 IWC liie a0 5 L OblS Calise plsil sl
Lylpd g ol Jess Olpe 3L oL 5 cos Ll il
(Kazemi et al., 2020) Ll » il 550 dslowl
(LWC) S, O lgom Ol p K& 25 50
Lorgladed 0555 Bl pd Coui g S g5 Ller
wblye 55 50 S T (Sl ge Dl A5 Sl 13
Slgme A5 Oy kil 5o S3L S ws)l 5 OLAES
oAUl o VAFO ke L 0lilS i) 5o S O
i oml dos POAY ke b oae syl LS55 0 5l
2 S 0 4 JSUS sl el 1L s s
DL i85 s S ol Glame ke iy 2
s13 OLES sl sty glads s wi;l.:n dclas LS edalis
PPN LPEG 2 5 oS 00 mhaw 53 clSL )
ST lgme Ao Y9/5Y b aassl 55 5 o 5L Ao
Ve LS sty eane 51531 L imdls (g S S
oSk b e s laSh oy ) e S
L olsg e of @lsme ghls doys FANVY 5 ¥A/QY
2 Sl Ul & e S Vo SIPEG clile 133l
53 OVIF e aas ) B 5 L YINY adl e 8
s 1 OVIAY LS 55 53 5/ T/ CaaSL s i
G55 S G5 phae Gl L Ll el dall
DS 4 S O (58 Oljn (228 | 6 5 23S,
4 S e U5 Gl s (e RIS Dl als
23 S5 Jeos (Y JS2) Loy 8 lacisS Rl
s 2l Gl Jeily i b 5l ol S OaLS
Al S (LWE) Sy O (slgme ol ol iy Sl
O e Ll s olS Ol Cands b)) sl ol
52 OBl Sege S (Kong et al, 2019) el S
A 2 el Sl e 5 B8
S, ol lya (Czajkowski et al., 2009) coul St
5oas OLE ) peisld, el Cands Llg e Lk

LS, ol 5l cblis cansy Osbolis Gl erli o 2

JB ol 4 oS ol (55558 ST ol (S e
Slodmy bty sladnl b b bLI) )3 5 ey sdalis
oS 3ab 5 S o b i 4 Jess Wl 4 e a5
Kosova et ) s 35 0 0lalS 3 il i bl o o J sl
Olgeas WSD bl (al, 2015; Miazek et al., 2017
o5 olS e sl gl Ll sl s cido S
Olpe ol g Jy (Miazek et al., 2017) ks o oal 5 |,
Sho b boder 58 oS ol s b S
o5 el 515G L(RybKa et al., 2019) 555 (g S5l
5 Abe SRlBl bl Sl 4 s O3S e
gl Sl nd OF 3508 e o 2SS 535
Ol 25 2l 03 @) pbo & Cod S Joos 200
PP S A s 5 el agh sl e
glal Sl 4 ond O 35S Olge 2l 5 BasL
Al w55 ple 4 Cund (6 xS
s AIWC) gﬁ b.j Ayl Jlade p (Ko S J"‘L’
Eol tglaied Oas Il cou gheme S G s)
S5 s Sl 4l S O e 4 e 55
PEG}::JﬁprOg;E.l.'o):«gn}\;;;;ﬁc)ju:ﬂéﬂb—
s Sp ool Wyl Slie UL s DL s
Loog anl 2all Lo s ple Of sl jlie o5 b5
esees PEG &) rj§<>~ c\a.ﬂ)_s Laosls ke aulis
a5 5 ol adgl Slade 1 SUL CBaS o 65 A
OLAS 55 PEG 2 s 5 VO s 53 5 ke (S
sdalio 2l 0 3535 55 T adsl ke ol 5 on UL
sl T Ul o S PEG 2 5 p S Ve ke 53 s
53 Mde i 5 awssl s el glacssl s Sp
sl oS sasdee (fO S8 A sdalie CBUSL G5
4 Aies age psghe 53 (IWC) Of a5l o b 5 (LLWR)
Sles gast L gl e oxliiul olS 3 uT Ol e acles (6l
(s IS el s Ol 5 B il (K03l
Wi 5 2l o Gl 5 Su ol iy

B olﬁf uT Cuxo B Q)LEJ LS‘J'.’ Lff"”t" L;Ladm'-u


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VEY Jlu 0 o)led MY Wi alS 5 SLIS 5 a3 FA

Interaction Interaction
120 | B: cultivars 20 _| B: cultivars
100
[y
-~
E’ 20
=
~
& 60 _|
40 _|
20 _|
T T T T T T T T T T T T
[} 20 40 60 80 100 0 20 40 60 20 100
AZPEG (g/1) . A:PEG(g/D)
Interaction
a0 B: cultivars

AIPEG (g/l)

R Jf oS5 Ll s JSUs Sl b bl of 31 saaaslis (RSM) cw\g ch.» Fas N Sl s 93 s g -0 IS

6-""'5 stai C)‘J,f 2 L(a) (RWL) e.\.\fn.\iﬁ sfﬁ )‘ AJJ.)C.“'.: J‘

e O dao s Ol (Ba L3S 5 By ciuSh (B2 ase gl Bi 481 )

(€) (LWL) i glgme j2alS doys Oljes p o(b) RWP) & 5 )3 s bl

Sy s byt 5O Ui K25 i S

S s 0 dd 6,1 Of Slaie (ELWL) sddoeds » sl
095 dyl b cov e 8 585 L4 (ELWR)
S ST Ol (S 25 e e Sigladed
8 oo sl Sp s slis S Of ke 5 s,
AL Ol 5l s (ELWL) Ll 1355 13 ixe (e
S opl Ol on il BBl s 5 an 35 IS
S Ol (258 5 0L (P i) Sl es gy e
Lot edalln ag)l 5 able G55 50 S sk
by 1Ol O JSUS I phe SR
i IS ol i 5 (A JK) mals (ELWL)

Llg o LWC s .5 (El-Hendawy et al., 2019) ..l
L kS oS = B 1y ol Ol pame JLSlis Ol
Slivo 5 seiskd) Candy Sy e Sl 4w g
S cils Glacusd so 53 LWC O ais Ol (93 Shas

2 S s Shee rmes 5 SES M5 Lo
(Li et al, 2019) coul oosline S ikt glacusd o
il glaaxd pe 3 LWC puamms sadsld; Wl b
Ol guline 281y jaseie Oly G s ot 3 S,
chle 53 S Ol Gl Ol ol Silbosl 3 s
Comd 8l,0 5 S slaci 55 52 PEG 1) e SN0

Sy e oS8 ple w


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

74 "'J"gf.)f.c“"k‘,ﬁd‘w;.;bj)éh'.’.ljjjé ;(m.’"'u:«:u&.d

b‘)&ﬂjdu)

s Sl )l G55 5 g RS A5 Osd e
L OLEE 5 4wl cabl o o 535 03 W Ddls (g i 4y
s 2 Ol 2 p S V000 SIPEG clale 38l
PEG 2 5 oS 00-Y0 clald j5.cdly Rl p5l ad s S
Chle js p Gl e s el ol C20SL LS55 s
o5 e 3 8 2ol Loslss 5 SRS PEG ) e SVO
S5 A sl a1 e O Ol 3 il 53
5 S aSL G55 s amh s 3l d O Ol LS
020l &S oy iy OLIS L5 5oy S 4Bl
Alrs g S5 ple ol GBS Gl e Somles
4 sls DL Geds G s (0 L) el S22
Ol 5 el RWL luis (’J‘f Jome sla 55 s
cib Bl el sleesss 4w ELER
.(Geravandi et al., 2011)

23 A CBls ol O Ol S i SU
035 Bl Co e S i 55 Ll RWP) S
Sl e gl L1 L sl DL s rgladed
Gl Gl S s edsc bl el Ol Ol JSSOUS
Gl el 2 nslie sl ol oLl = (0b L)
LWC 5 ELWL LWC JWC RWL RWC Juli &b
2l Blie 3 os Jlals T i lals s sy
Uil aiese sba RWP 5 ELWR WSD (sls el 5L
.(Nadafzadeh and Mehdizadeh, 2019) ..l -

Sl s, g ol Ol Sis 5 36
0955 Jl o Cov ghew 8 85 5l (LWL) S
I e SR L cash sl s rladed
2 S VO 5Y0 chale 53 OT cagb) Ol alS JSOUS
Chle )3 s il s ale 4 s 480 555 )
A4S pasie bads)s (ke s b A 2 S O
S FS 02 s S e S s Ol by sl
GRS PEG 1 e SV chl s bl iy clast

FeS adl e 5 0L sl Gla S 85 sk Gleee o

2ol b Sax b IS8) wal all (ELWR)
Wiy 3l ol Ol 5 ELWR) sailis S5 O Lis
S ol i Lol gls Sl ol gea 5 5,05 (ELWL)
L3S jasis Oliiss .(Merah, 2001) il o ol «
Of Sl by el ol |5 O 51 alS il JA
A Olgea 5 ASl wily (AT e S Wl e
35i a8 b 53 QLS salsddy Gl ediSsgdme Jalge
Josly i 5 b s eomen (Basit et al., 2020)
53 OLLS 5 esg b Consy Sl S oS b O
> (Zabihietal,, 2014) X5 o 5 05, JSie b ol Ll
o ol iy (a5l B O el 2al L ans
33der S S s oS 0AS 5 5 ke oo Olen S
Cod b 5 bl jole Ol oomes (Basit et al., 2020)
ot b ) sbs 4 L o S T 3 paS i (6t
Culens 5 S S clerls S
Nohong and Nompo, ) uuly o ials it 5 5 s
g5 s S ol Oslscs 5l e 55 el (2015
ol 3OS 1 el sline el £33 G 03 S 5
Dhanda ) 5 S eslital Jemte 355 plold Gl ol
33 S gladas L85l slass S .(and Sethi, 2002
Aas g ez 3L IS U S oS O i Ll
Ll o ELWL ) sty .(Clarke and McCaig, 1982)
o Jomte Glacs 55 Sl gl sl S Ol
s Raina = (Liu et al., 2015) 553 sslisl Ol 3 5
Wy 1ol e malS sl olis (Y 9) oK
imen 303 S 3wl 5 Shes Loyl e bl
kS g5 Yo ey L (Ye+0) Dhanda 5 Munjal
Ll ) (5lal e o glan o b s 51Ol il
SLls Jamte Slags 53 Bd 4 y2e (b 5 25 ool
A3 (6 2eS ELWL
SRS PO i VT S
Cov gherw 8 s Hler (RWL) eddony 3 S

53 RWL Ol claast o6 )3 igladad 09,3 Ll o


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1]

VEY Jl O oyled VY W alE s SIS 5 a3 Ve

Interaction

Desirability

0200

0000 ) 4 ¢

B: cultivars

A PEG (g/1)

M 59 SRS 1 b akdaloml (S35 5 (55 o i B re g RSML g, a5 5l Sfae =5 JS03

(B4 oL:lS,B3 C,..::ASL; B2 4.:»5)‘ Bi Lb‘,a) S Jg gré".;j

3Bs Sk B awg)l Br 4kl ) 2 e 8 00 il 3 JSUS Sl et Jlesl 3l ey (sohems 8 sladigel 0, -V S

53 s A sdalie i i (Al L LWL Olpe s
Sl S gy TS Ol UL LWL b Llacs 55
.(Raina et al., 2016)
Jooss Oy g (St 5 736 50 Jde IS o5,
Ligladed 0550 dl s Cov ghors S 55 Llex
Gk g o Sl Jrel oS s 4 Jla sl Sl eslind
55 e dig S el b el sled ) 5 (RSM)
S R s bossl ple boalie s wsl
ot gl Dl bl et s S sl
RS VO Chle b clusl (ol (P ISS) e oLl
b yins 31Ol 5 a8 O 358 L JpSOUS sl 2

B4 Olals

woos)) Slacsss PEG 2l 5 oS Vee chle s sy
Slye S Ol 035228 L 5 far 8l 5 0L
Lty S 55 pln 5 e Jed T sk
sk Slsme Jod 5l ol o e el (00 )
LWL) T shs slsms 2alS 5 RWC) ST o
Lol pBa 53 Ll &S dres LS Slis Sl age 055
Jorge et al, ) L, 513 axy 5550 Sit 4 les
oLS 5 (Y414) 0LSen 5 Jorge slaasl L b s (2019
Sl o K Ol LWL astls syls s s
s SSSngd slpal o Sl gbcgss bl
IS S35 S slind 3 S5 5 4 S


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VIVl el ) At 0gps Jl s (S 5 addlas

b‘)“}du)

sl 1y S sl iy LIS LS8 e o)
SIS 5 IS 13315 Dlie SIS U314 il o S0
DireS aral S5 00 s et e S5 s R
e S0 s YO bl o b L35 IS Ol op i s sl
LS 53 dd salie c20SL 555 3 PEG )
@l 55 Al S VB VO I PEG clls )l
03 A58 Ul e b s IS Ol op i bl
B S R B I R WE B RT- LN Py
S e L e I
3 YYAY e 4 b ja S ole Aoy 5 S O
=l 505 e s YA/AY fals u.ejb 319 do s YYA/AY
23 5 058 Ol (o md bls dald b anslas 3 55
Sy 35 5 a0 SUL > g 55 plo b alie
gl B b S Ol Sl 5 S O e s,
Crs L Il CAast sl B s A
Koy S 5 dab 53 Ol el Glgme L 55 2l
S0l oSy ST lsee SalS Sk 58 (b1 2l
R T R S P R JOWN|
s caask ;MS).,) 05 day gy asl e w‘})) BE ijuuf
55 US55 Ol (5SS o LB sl b alis
83 51 S A5 4y S S 55 b Sl 5 Jeote 48
DA s Glaes, 53 QLA 5 4l cdasty o 555

.Js.)lb

b S S Bl st Ol Gl b s S
Lo M Ol SRIB L el 885 Ll Jes
L IS Gl A e S cBle s Js el
s Ll Ky QLS i aS by sls OLis als
Llgm & P85 e OBl S Gaotn obelr Gomes
shas ol gLl B 5 cpsllas o e S5 Ll 0 o
S sk Ol S s U 5 S Ol 2t S
Sl a8l o b 95 Ao ;3 VO 350 B Sl anils ad o
ol O 55 sl 5l 5 e S 25 ol 55 &S
cile Glacs 55 Jesd SV S 3 b b
L dSUS Gl ) e S 00 Bl 5o sdee S

el DLl s o OLAS

& S 4o
5 Slsems iy 5l Jol Cle sk sba
bl e 10 Ol w0 OlS T s Sl 2alS
5ol e G S S S (S
3 SOdnmd ol ekl gl e il
51 eslizal LS e s olS oy 1, e olesdse
Slr Rl G K IS Gl slad sl
Bl S8 s S RS a5 LR
53 ldSSUS 1 L L el S s bl s e
IS8 sl b clle il b bsesss ol b anslis
SIB Lol baas sl gl Ol 3 Sir S
e S )y oS Ve JSOUS sl ol

)bj.,\.‘.f:oMuw u\fjcM;:JSL; L;Lhw'j.:j ;fﬂb\.btj):

@\.:.a

A F b Gl sl ia s dove 0l e il sla JLeSKist Sl o (WWAY) .o Slde 5 1o ol

Sl | el wlobl | S A a4 Cad (gdee Jf sbos 55 gladad 030 <L ,e (ray) | (>33

O‘J’.’.‘ 4&.}.})‘ cﬁ))\ ‘jbr.d

Ci LS‘“"‘.‘.":";’ Q_})b A LS‘)LN% (\VQ') (a cﬂu 9 .CUST L;.Ua.a 4.(: o céwa .3 c‘_;aLA) “S cu_‘)).l'.\.wa o (S g9 B ¢6)L.>.

V=YY (65,588 cs sl o3 ((Rosa hybrid L) sy » a5Ls 5 K o


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VR e O syled ) A alE 5 SIS 5 i Y

Abid, M., Qayyum, A., Dasti, A. and Wajid, R (2001) Effect of salinity and sar of irrigation water on yield,
physiological growth parameters of maize (Zea mays L.) and properties of the soil. Journal of Research Sciences
12: 26-33.

Akte, J., Yasmin, S., Bhuiyan, M. J. H., Khatun, F., Roy, J. and Goswami, K. (2016) In vitro screening of rice
genotypes using polyethylene glycol under drought stress. Progressive Agriculture 27: 128-135.

Antonic, D., Milosevic, S., Cingel, A., Lojic, M., Trifunovic-Momcilov, M., Petric, M. and Simonovic, A. (2016)
Effects of exogenous salicylic acid on Impatiens walleriana L. grown in vitro under polyethylene glycol-imposed
drought. South African Journal of Botany 105: 226-233.

Arnon, D. I. (1949) Copper enzymes in isolated chloroplasts Polyphenoloxidase in Beta vulgaris. Plant Physiology
24: 11-15.

Ashkani, J., Pakniyat, H., Emam, Y., Assad, M. T. and Bahrani, M. J. (2007) The evaluation and relationships of some
physiological traits in spring safflower (Carthamus tinctorius L.) under stress and non-stress water regimes. Journal
of Agricultural Science and Technology 9: 267-277.

Barakat, M. N. and Abdel-Latif, T. H. (1996) In vitro selection of wheat callus tolerant to high levels of salt and plant
regeneration. Euphytica 91: 127-140.

Basit, A., Alam, M., Ahmad, 1., Ullah, I., Alam, N., Ullah, 1. and ul Ain, N. (2020) Efficacy of chitosan on performance
of tomato (Lycopersicon esculentum L.) plant under water stress condition. Pakistan Journal of Agricultural
Research 33: 27-41.

Bohnert, H. J. and Jensen, R. G. (1996) Strategies for engineering water-stress tolerance in plants. Trends in
Biotechnology 14: 89-97.

Brouillette, L. C., Gebremedhin, M., Rosenthal, D. M. and Donovan, L. A. (2006) Testing hypothesized evolutionary
shifts toward stress tolerance in hybrid Helianthus species. Western North American Naturalist 66: 409-419.

Clarke, J. M. and McCaig, T. N. (1982) Evaluation of techniques for screening for drought resistance in wheat 1. Crop
Science 22: 503-506.

Clarke, J. M. and Townley-Smith, T. F. (1984) Screening and selection techniques for improving drought resistance.
Crop Breeding: A Contemporary Basis 137-162.

Czajkowski, T., Ahrends, B. and Bolte, A. (2009) Critical limits of soil water availability (CL-SWA) for forest trees—an
approach based on plant water status. Landbauforschung Volkenrode 59: 87-93.

Demiralay, M., Saglam, A. and Kadioglu, A. (2013) Salicylic acid delays leaf rolling by inducing antioxidant enzymes
and modulating osmoprotectant content in Ctenanthe setosa under osmotic stress. Turkish Journal of Biology
37: 49-59.

Dhanda, S. S. and Sethi, G. S. (2002) Tolerance to drought stress among selected Indian wheat cultivars. The Journal of
Agricultural Science 139: 319-326.

Donovan, L. A., Dudley, S. A., Rosenthal, D. M. and Ludwig, F. (2007) Phenotypic selection on leaf water use
efficiency and related ecophysiological traits for natural populations of desert sunflowers. Oecologia 152: 13-25.
Egilla, J. N., Davies, F. T. and Boutton, T. W. (2005) Drought stress influences leaf water content, photosynthesis, and

water-use efficiency of Hibiscus rosa-sinensis at three potassium concentrations. Photosynthetica 43: 135-140.

El-Hendawy, S. E., Al-Suhaibani, N. A., Elsayed, S., Hassan, W. M., Dewir, Y. H., Refay, Y. and Abdella, K. A.
(2019) Potential of the existing and novel spectral reflectance indices for estimating the leaf water status and grain
yield of spring wheat exposed to different irrigation rates. Agricultural Water Management 217: 356-373.

Elmaghrabi, A. M., Rogers, H. J., Francis, D. and Ochatt, S. J. (2017) PEG induces high expression of the cell cycle
checkpoint gene WEE1 in embryogenic callus of Medicago truncatula: Potential link between cell cycle checkpoint
regulation and osmotic stress. Frontiers in Plant Science 8: 1-12.

Errabii, T., Gandonou, C. B., Essalmani, H., Abrini, J., Idaomar, M. and Skali-Senhaji, N. (2006) Growth, proline and
ion accumulation in sugarcane callus cultures under drought-induced osmotic stress and its subsequent relief.
African Journal of Biotechnology 5: 1488-1493.

Fahad, S., Bajwa, A. A., Nazir, U., Anjum, S. A, Farooq, A., Zohaib, A. and lhsan, M. Z. (2017) Crop production
under drought and heat stress: Plant responses and management options. Frontiers in Plant Science 8: 1-16.

Faroog, M., Wahid, A., Kobayashi, N., Fujita, D. B. S. M. A. and Basra, S. M. A. (2009) Plant Drought Stress: Effects,
Mechanisms and Management. Sustainable Agriculture, Springer, Dordrecht.

Geravandi, M., Farshadfar, E. and Kahrizi, D. (2011) Evaluation of some physiological traits as indicators of drought
tolerance in bread wheat genotypes. Russian Journal of Plant Physiology 58: 69-75.

Ghassemi-Golezani, K., Farhadi, N. and Nikpour-Rashidabad, N. (2018) Responses of in vitro-cultured Allium
hirtifolium to exogenous sodium nitroprusside under PEG-imposed drought stress. Plant Cell, Tissue and Organ
Culture 133: 237-248.

Grudkowska, M. and Zagdanska, B. (2010) Acclimation to frost alters proteolytic response of wheat seedlings to
drought. Journal of Plant Physiolog 167: 1321-1327.


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VY ...j‘fﬁ’c«\gﬁd‘#&j)ébﬁ‘f:)b&ﬁwtbﬁ f)b&u‘gduj

Guo, R., Hao, W. P., Gong, D. Z., Zhong, X. L. and Gu, F. X. (2013) Effects of water stress on germination and growth
of wheat, photosynthetic efficiency and accumulation of metabolites. Chapter 13: 367-380.

Hajihashemi, S. and Sofo, A. (2018) The effect of polyethylene glycol-induced drought stress on photosynthesis,
carbohydrates and cell membrane in Stevia rebaudiana grown in greenhouse. Acta Physiologiae Plantarum 40:8 1-9.

Hasheminasab, H., Assad, M. T., Aliakbari, A. and Sahhafi, S. R. (2012) Evaluation of some physiological traits
associated with improved drought tolerance in Iranian wheat. Annals of Biological Research 3: 1719-1725.

Hassan, F. A. S., Ali, E. F. Alamer, K. H. (2018) Exogenous application of polyamines alleviates water stress-induced
oxidative stress of Rosa damascena Miller var. trigintipetala Dieck. South African Journal of Botany 116: 96-102.
Hazrati, S., Tahmasebi-Sarvestani, Z., Modarres-Sanavy, S. A. M., Mokhtassi-Bidgoli, A. and Nicola, S. (2016) Effects
of water stress and light intensity on chlorophyll fluorescence parameters and pigments of Aloe vera L. Plant

Physiology and Biochemistry 106: 141-148.

Hellal, F. A., EI-Shabrawi, H. M., Abd El-Hady, M., Khatab, I. A, El-Sayed, S. A. A. and Abdelly, C. (2018) Influence
of PEG induced drought stress on molecular and biochemical constituents and seedling growth of Egyptian barley
cultivars. Journal of Genetic Engineering and Biotechnology 16: 203-212.

Hosseini, N. S., Ghasimi Hagh, Z. and Khoshghalb, H. (2020) Morphological, antioxidant enzyme activity and
secondary metabolites accumulation in response of polyethylene glycol-induced osmotic stress in embryo-derived
plantlets and callus cultures of Salvia leriifolia. Plant Cell, Tissue and Organ Culture 140: 143-155.

Hsu, S. Y. and Kao, C. H. (2003) Differential effect of sorbitol and polyethylene glycol on antioxidant enzymes in rice
leaves. Plant Growth Regulation 39: 83-90.

Jatoi, S. A, Latif, M. M., Arif, M., Ahson, M. and Siddiqui, S. U. (2014) Comparative assessment of wheat landraces
against polyethylene glycol simulated drought stress. Science Technology and Development 33: 1-6.

Jenks, M. A. and Ashworth, E. N. (1999) Plant epicuticular waxes: Function, production, and genetics. Horticultural
Reviews 23: 1-68.

Jiang, Y., Wang, X., Yu, X., Zhao, X., Luo, N., Pei, Z. and Garvin, D. F. (2017) Quantitative trait loci associated with
drought tolerance in Brachypodium distachyon. Frontiers in Plant Science 8: 1-11.

Jorge, G. L., Kisiala, A., Morrison, E., Aoki, M., Nogueira, A. P. O. and Emery, R. N. (2019) Endosymbiotic
Methylobacterium oryzae mitigates the impact of limited water availability in lentil (Lens culinaris Medik.) by
increasing plant cytokinin levels. Environmental and Experimental Botany 162: 525-540.

Kazemi, S., Nasiri, M., Lajayer, B. A. and Hatami, M. (2020) Integral water capacity (IWC) and least limiting water
range (LLWR): Prediction using plant growth indices and soil properties. 3 Biotech 10: 1-22.

Kong, W., Huang, W., Zhou, X., Mortimer, H., Ma, L., Tang, L. and Li, C. (2019) Estimating leaf water content at the
leaf scale in soybean inoculated with arbuscular mycorrhizal fungi from in situ spectral measurements. International
Journal of Agricultural and Biological Engineering 12: 149-155.

Kosova, K., Vitamvas, P., Hlavackova, I., Urban, M. O., Vlasakova, E. and Prasil, I. T. (2015) Responses of two barley
cultivars differing in their salt tolerance to moderate and high salinities and subsequent recovery. Biologia
Plantarum 59: 106-114.

Li, Y., Song, H., Zhou, L., Xu, Z. and Zhou, G. (2019) Tracking chlorophyll fluorescence as an indicator of drought and
rewatering across the entire leaf lifespan in a maize field. Agricultural Water Management 211: 190-201.

Liu, Y., Zhang, X., Tran, H., Shan, L., Kim, J., Childs, K. and Zhao, B. (2015) Assessment of drought tolerance of 49
switchgrass (Panicum virgatum) genotypes using physiological and morphological parameters. Biotechnology for
Biofuels 8: 152.

Luo, N., Liu, J., Yu, X. and Jiang, Y. (2011) Natural variation of drought response in Brachypodium distachyon.
Physiologia Plantarum 141: 19-29.

Mahboubi, M. (2016) Rosa damascena as holy ancient herb with novel applications. Journal of Traditional and
Complementary Medicine 6: 10-16.

Manette, A. S., Richard, C. J., Carver, B. F. and Mornhinweg, D. W. (1988) Water relations in winter wheat as drought
resistance indicators. Crop Science 28: 526-531.

Mannan, M. A. and Shashi, M. A. (2019) Amelioration of Drought Tolerance in Maize Using Rice Husk Biochar.
Maize-Production and Use. IntechOpen, London.

Martinez, X. (2010) Effects of irrigation and nitrogen application on vegetative growth, yield and fruit quality in
peaches (Prunus persica L. Batsch cv. Andross) for processing. Universitat de Lleida.

Mazurek, M., Siekierzynska, A., Jacek, B. and Litwinczuk, W. (2020) Differences in response to drought stress among
highbush blueberry plants propagated conventionally and by tissue culture. Plant Biosystems-An International
Journal Dealing with all Aspects of Plant Biology 155: 172-178.

Meeks, M., Murray, S. C., Hague, S. and Hays, D. (2013) Measuring maize seedling drought response in search of
tolerant germplasm. Agronomy 3: 135-147.


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VR e O syled ) A alE 5 SIS 5 i V¥

Meher, P. S., Reddy, K. A. and Rao, D. M. (2018) Effect of PEG-6000 imposed drought stress on RNA content, relative
water content (RWC), and chlorophyll content in peanut leaves and roots. Saudi Journal of Biological Sciences
25: 285.289

Merah, O. (2001) Potential importance of water status traits for durum wheat improvement under Mediterranean
conditions. The Journal of Agricultural Science 137: 139-145.

Miazek, A., Nykiel, M. and Rybka, K. (2017) Drought tolerance depends on the age of the spring wheat seedlings and
differentiates patterns of proteinases. Russian Journal of Plant Physiology 64: 333-340.

Mott, K. A. and Michaelson, O. (1991) Amphistomy as an adaptation to high light intensity in Ambrosia cordifolia
(Compositae). American Journal of Botany 78: 76-79.

Munjal, R. and Dhanda, S. S. (2005) Physiological evaluation of wheat (Triticum aestivum L.) genotypes for drought
resistance. Indian Journal of Genetics and Plant Breeding 65: 307-308.

Myers, R. H. (1971) Response Surface Methodology, Allyn and Bacon. Inc., Boston, MA.

Myers, R. H., Montgomery, D. C. and Anderson-Cook, C. M. (2016) Response Surface Methodology: Process and
Product Optimization Using Designed Experiments. John Wiley and Sons.

Nadafzadeh, M. and Mehdizadeh, S. A. (2019) Design and fabrication of an intelligent control system for determination
of watering time for turfgrass plant using computer vision system and artificial neural network. Precision
Agriculture 20: 857-879.

Nawaz, T., Hameed, M., Ashraf, M., Al-Qurainy, F., Ahmad, M. S. A, Younis, A. D. N. A. N. and Hayat, M. U. S. L.
I. M. (2011) Ecological significance of diversity in leaf tissue architecture of some species/cultivars of the genus
Rosa L. Pakistan Journal of Botany 43: 873-883.

Nohong, B. and Nompo, S. (2015) Effect of water stress on growth, yield, proline and soluble sugars contents of Signal
grass and Napier grass species. American-Eurasian Journal of Sustainable Agriculture 14-22.

Noodezh, H. M., Moieni, A. and Baghizadeh, A. (2012) In vitro propagation of the Damask rose (Rosa damascena
Mill.). In Vitro Cellular and Developmental Biology-Plant 48: 530-538.

Omar, M., Abdullah, M. A., Hasan, M. A. and Marziah, M. (2004) Development of growth medium for Centella
asiatica cell culture via response surface methodology. American Journal of Applied Sciences 1: 215-219.

Pane, R. F., Damanik, R. I. and Khardinata, E. H. (2018) Germination performance of selected local soybean (Glycine
max (L.) Merrills) cultivars during drought stress induced by Polyethylene Glycol (PEG). Environmental Earth
Sciences 122: 1-7.

Pati, P. K., Sharma, M., Sood, A. and Ahuja, P. S. (2005) Micropropagation of Rosa damascena and R. bourboniana in
liquid cultures. In Liquid Culture Systems for in vitro Plant Propagation. Springer, Dordrecht.

Pratap, V. and Kumar Sharma, Y. (2010) Impact of osmotic stress on seed germination and seedling growth in black
gram (Phaseolus mungo). Journal of Environmental Biology 3: 721-726.

Rahbarian, R., Khavari-Nejad, R., Ganjeali, A., Bagheri, A. and 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 Botanica 53: 47-56.

Rahimi, A., Hosseini, S. M., Pooryoosef, M. and Fateh, I. (2010) Variation of leaf water potential, relative water
content and SPAD under gradual drought stress and stress recovery in two medicinal species of Plantago ovata and
P. psyllium. Plant Ecophysiology 2: 53-60.

Raina, S. K., Govindasamy, V., Kumar, M., Singh, A. K., Rane, J. and Minhas, P. S. (2016) Genetic variation in
physiological responses of mungbeans (Vigna radiata (L.) Wilczek) to drought. Acta Physiologiae Plantarum
38: 1-12.

Razavizadeh, R., Farahzadianpoor, F., Adabavazeh, F. and Komatsu, S. (2019) Physiological and morphological
analyses of Thymus vulgaris L. in vitro cultures under polyethylene glycol (PEG)-induced osmotic stress. In Vitro
Cellular and Developmental Biology-Plant 55: 342-357.

Ritchie, S. W., Nguyen, H. T. and Holaday, A. S. (1990) Leaf water content and gas-exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science 30: 105-111.

Rybka, K., Janaszek-Mankowska, M., Siedlarz, P. and Mankowski, D. (2019) Machine learning in determination of
water saturation deficit in wheat leaves on basis of Chl a fluorescence parameter. Photosynthetica 57: 226-230.

Sahoo, M. R., Das Gupta, M. and Mukherjee, A. (2006) Polyethelene glycol-mediated osmotic stress on hybrid taro
(Colocasia esculenta (L.) Schott). Annal of Tropical Research 28: 1-11.

Sahoo, M. R., Devi, T. R., Dasgupta, M., Nongdam, P. and Prakash, N. (2020) Reactive oxygen species scavenging
mechanisms associated with polyethylene glycol mediated osmotic stress tolerance in chinese potato. Scientific
Reports 10: 1-9.

Sarmadi, M., Karimi, N., Palazon, J., Ghassempour, A. and Mirjalili, M. H. (2019) Improved effects of polyethylene
glycol on the growth, antioxidative enzymes activity and taxanes production in a Taxus baccata L. callus culture.
Plant Cell, Tissue and Organ Culture 137: 319-328.


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

) ...j‘fﬁ’c«\gﬁd‘#&j)ébﬁ‘f:)b&ﬁwtbﬁ f)b&u‘gduj

Sergiev, |., Todorova, D., Shopova, E., Jankauskiene, J., Jankovska-Bortkevic, E. and Jurkoniene, S. (2019) Exogenous
auxin type compounds amend PEG-induced physiological responses of pea plants. Scientia Horticulturae
248: 200-205.

Setter, T. L. and Fregene, M. A. (2007) Recent advances in molecular breeding of cassava for improved drought stress
tolerance. In Advances in Molecular Breeding Toward Drought and Salt Tolerant Crops. Springer, Dordrecht.

Shivakrishna, P., Reddy, K. A. and Rao, D. M. (2018) Effect of PEG-6000 imposed drought stress on RNA content,
relative water content (RWC), and chlorophyll content in peanut leaves and roots. Saudi Journal of Biological
Sciences 25: 285-289.

Siaga, E., Maharijaya, A. and Rahayu, M. S. (2016) Plant growth of eggplant (Solanum melongena L.) in vitro in
drought stress polyethylene glycol (PEG). Biological Research Journal 2: 10-17.

Siddique, M. R. B., Hamid, A. I. M. S. and Islam, M. S. (2000) Drought stress effects on water relations of wheat.
Botanical Bulletin of Academia Sinica 41: 35-39.

Sinclair, T. R. and Ludlow, M. M. (1986) Influence of soil water supply on the plant water balance of four tropical
grain legumes. Functional Plant Biology 13: 329-341.

Tétrai, Z. A., Sanoubar, R., Pluhar, Z., Mancarella, S., Orsini, F. and Gianquinto, G. (2016) Morphological and
physiological plant responses to drought stress in Thymus citriodorus. International Journal of Agronomy
2016: 1-16.

Xie, T., Gu, W., Zhang, L., Li, L., Qu, D., Li, C. and Li, W. (2018) Modulating the antioxidant system by exogenous 2-
(3, 4-dichlorophenoxy) triethylamine in maize seedlings exposed to polyethylene glycol-simulated drought stress.
PLoS One 13: 1-22.

Xing, Z. Z. (2004) Flavor mixing and CP violation of massive neutrinos. International Journal of Modern Physics A
19: 1-79.

Xu, Z. Z. and Zhou, G. S. (2005) Effects of water stress and high nocturnal temperature on photosynthesis and nitrogen
level of a perennial grass Leymus chinensis. Plant and Soil 269: 131-139.

Yang, X., Stern, C. L. and Marks, T. J. (1991) Cation-like homogeneous olefin polymerization catalysts based upon
zirconocene alkyls and tris (pentafluorophenyl) borane. Journal of the American Chemical Society 113: 3623-3625.

Zabihi, A., Satei, A. and Ghorbanli, M. (2014) Evaluation effect of putrescine treatment on growth factors of soybean
(Glycine max L.) under drought stress induced by polyethylene glycol. Journal of Applied Environmental and
Biological Sciences 4: 24-32.

Zhang, Z. B., Shao, H. B., Xu, P., Chu, L. Y., Lu, Z. H. and Tian, J. Y. (2007) On evolution and perspectives of bio-
watersaving. Colloids and Surfaces B: Biointerfaces 55: 1-9.

Zou, J. J., Wei, F. J., Wang, C., Wu, J. J., Ratnasekera, D., Liu, W. X. and Wu, W. H. (2010) Arabidopsis calcium-
dependent protein kinase CPK10 functions in abscisic acid-and Ca?*-mediated stomatal regulation in response to
drought stress. Plant Physiology 154: 1232-1243.


https://dor.isc.ac/dor/20.1001.1.23222727.1401.11.51.4.1
https://jispp.iut.ac.ir/article-1-1640-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.23222727.1401.11.51.4.1 ]

VR e O syled ) A alE 5 SIS 5 i vs

Study of in vitro drought stress on the response of some genotypes of Damask
rose relying on water relations

Sara Rezaei!, Sahar Azizi Fesendouz?, Hanifeh Seyed Hajizadeh'", Farzad Rasoulitand
Fataneh Yari?

! Department of Horticultural Science, Faculty of Agriculture, University of Maragheh, Maragheh,
Iran
2 Iranian Research Organization for Science and Technology, Tehran, Iran
(Received: 08/12/2021, Accepted: 07/05/2022)

Abstract

Damask rose is one of the oldest and most valuable rose varieties that to some extent, tolerates water deficiency.
However, the selection and identification of genotypes that are more tolerant to drought stress will be effective in
development of cultivation of the plant. In this case, an experiment was performed under in vitro conditions using
polyethylene glycol at five levels (0, 25, 50, 75 and 100 g L) on four genotypes of Damask rose (Maragheh, Urmia,
Pakdasht and Kashan) and the tolerance of genotypes to drought stress was measured based on water relations traits of
the plant via response surface method (RSM). Results showed that as the severity of drought stress increased, the
percentage of dry matter was increased in genotypes of Maragheh, Urmia and Kashan compared to the control. At
concentration of 100 g L™* PEG, Maragheh genotype had the highest fresh and dry weight, total chlorophyll, chl a and
chl b and the lowest leaf number and height compared to the other genotypes. Carotenoid contents in Urmia and
Maragheh genotypes were higher in 100 g L* PEG than other genotypes. As water deficiency increased, leaf water
content in Maragheh, Kashan and Urmia genotypes decreased. Maragheh genotype with high values of relative leaf
water content, on the other hand, with a decrease in water moisture reduction, relative water loss and saturated water
deficiency, showed a better protection mechanism against drought stress than the other three genotypes. After
Maragheh genotype, Pakdasht genotype was partially resistance to drought stress up to 75 g L* polyethylene glycol.
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