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Fig. 1. (A) Effect of pomegranate cultivar on relative leaf water content (RWC), (B) Effect of low-water stress

on RWC, (C) Interaction effect of cultivar and stress levels on RWC in pomegranate cultivars under low-

water stress. T In each chart, columns with atleast one similar letter indicate no significant difference
among treatments according to Duncan test at 5% level of probability.
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Fig. 2. Effect of pomegranate cultivar on the ratio of leaf dry weight to Area (LMA) in pomegranate cultivars

under low-water stress. In each chart, T Columns with atleast one similar letter indicate no significant
difference among treatments according to Duncan test at 5% level of probability

oYY


http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

Ohles 50,0l

St 55 e 5 il sl 5,5 4 Jedo IS S 35 S (S Jede S Jdg)lS @ Jd9)l8) (cor 3l i slaplannST (T (S p G5 gl g 08, RSemy —) Jpa

PP IR UGS SN N

Table 1. Interaction effect of cultivar and stress level on some non-enzymatic antioxidants (chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, chlorophyll to

carotenoid ratio, anthocyanin and flavonoid) in leaves of pomegranate cultivars under low-water stress.
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http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 |

(VF- 1) OFF L OF) (sloaior Fojlas YF al slnl L 555 5 ple aleo

sl i Old g g lml sl
S 5o oLl B3 i i 28 el S w5l siE Sl e (S5 25 QR L il Gk

RS IN- YUK YV T-Y| DU J] WIS SOOI ] I oo 6)‘%5‘-’“’ yabdr a5 6o )5 caalin (1 YY/Y) (531 VeIV R PRV AR
LYY g2 L (L VAUYO g YAIY s 5 ) ‘531 ST 900 (Sis syl ;o S sl slie LS e (o 5ieS

QG bgiye i op i 3 B, a0 (o =Y D) al sasline wall 4 Cons (5l piae BB Lid ©lS ralS
08y 5o sbie Ol plie (npeS On s, nle jo jlade cnl 5l S5 ()l gime jsb 4y aS 39 (1 YAN) g8 )uls o8,
(S e il bl ales o el i b jiSany b (Gl -Y S8) 0 saslie (1 VAIVA) o5
(z -V JSo) o svalice o 5L5 7 00 mhaw ;0 7A/AY (63,05 08, ,0 4l clad LS liae 50 g og L3 7 Ve e
@ Jd9)lS Cond 5 S JB9,lS @ L89S RWC (sla S b code (Ko sl)ls gy cnl yo sliae LS olsee
Gl @S (Y Jga2) og (SIE a5 Jgd 9 U5 Jslowe oS Glime b (e (Sien 5 w9515
S S (b y0 g e0g wles oS o O Jlade palS 4 slasl sleslid a5 ams e Glis s e g o Sien
S e cdiblons 25 ke 0 1, oS 5 00,5 Jled by 4y &l el el |, 955 (¢ pan

«(Karimi et al., 2020) 'g0,5 alox 3| Sid 55 o ogae L0 ple j0 slid Ol e cwyp b ol Kiaghs
Xiaoyue et ) sl .(Jafarnia et al., 2018) " Lyl .(Eftekhari Shahabadi, 2017 Ul (He et al., 2019) 5, aw g5,
Ol Jels bl a5 Wo )F asl Je cid lidl g slae old alS cely (Sas i aS wels jlas «(al., 2020
5 S LS e il o gued s oI b Sis 55 cow U1 S 0 asl slie old pals b oakl, o jiegh
5 5 andllas 350 50l slapdy ol DLl o Si5 a5 4 Josw b (St ayad i bl s s ansl slad ol
Gl az 0 o iml g e YL ol plis bl el B KuSG b (g o gme jebay slansl slie gl ols
2 Wlgee SR 8y 0 st slad gl omb a0 0 GRS 5 JBls 03 & bepe oS 4 sl slae
50 Byl sl ail Ol 0geS Lyl ph 4y Cad 308 Jom g (Sid dpad 55 b ,0 o8, (nl 5t sl b bLS )|
e b L3I 3 Wil oo ogl jliee 5 Obj el F A Grizren g J58y0ls o3, 50 lasl clad golwl VL (e
08y 0 S 4 Jesd sl .ail ROS o1 sla JIGol, Bas S s b oablie jo sl Sl I8
O bl o8y ool o Jlb e T (ST (T s a5 Jlb sjeml oiis b BLSI 50 ilss ge g8 )0l
15 SISl pedpilie 50 i amd o )3 il o | 4l slid gyl aiile Sy3slen e calies clanl b S
oy S i igl3dl 4y e 45 ouds glaztly glié 4y capus] § (ROS) Jlab yiumsST slodisS syl ely T oS plSin
ol o (S i ley o g Sad li8l a5t cl eols las s (Karimi et al., 2020) oo 5 oo slasl
0N ey ey RS L gl Jl8pd 5 cullw el sl glid Sflen glacdlbd o Sagal LS
MLoJ lhas wm .(Sarker & Oba, 2018) Qo;s‘o o\)j)’él ).u LQQ}’ Cals u‘).».b » u.v‘/,JLu ‘JWLSA b_»l.m.c 6[&034
Sy S i oty el Sl 4y Jom 50 )i slapanilSs 5579 ailis S i b o gl clis
5 55500 i lodire Jusly 4y slad Jislo g 00,8 Iy s oied <l (Lid ol 4Y g5 classind glacond ||
(Mitra, 2001) was oo 7, lge s

Vitis riparia - Quercus brantii -v Juglans regia -\

Ofa


http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 |

Ohlar 5 00l

(A) < B)=—

35 7 a X 40 A
30 { pg b b E: %
- 2’ 304 B » . c
=) Bl =" =5 r 1
< 504 = 7 E B OB em o
= 20 e - %
= 15 - :l:l l:l: 4 o s E_'.'.',! -"Ef t‘:’-‘\."
3 = s b ‘:‘] =] 10 E’E‘f e ;'-T.’i l'E-’._,
3Z 10 - [ = g R
.a m 5 - :I:l l:l: ’% 0 \{-J-l:l ) RE 5‘3-1'-{7
- O _ = T T T T i
Y 5% 0 = '- - . 2 100% 75% 55% 35%
,.b: ,@\ X & \,.-5\‘ T FC FC FC FC
= S & ¢ & & ]
S & e o low-water stress (=) 28 (40
Cultivar a2,
= 0O, B§,100% FC B75%FC
%
—~:]J' I cdef ¢ gefy
48 '
2 2
3 o

"Wonderful' 'Rabab’ 'M- Saveh' "Yousefkhani' '"Tabrizi
Cultivar a2,
Ul Bl o slas wld j (Sid 55 g 08, (S o) slad Sl 55 mhae (@) slad ol (Ul 8, 1Y S
W5 (gl srre gl (Sl (59031 T Jlanal s 50 oS e B> S Jla gl sloeSilee T S i 2o
Fig. 3. (A) Effect of pomegranate cultivar on Membrane stability, (B) Effect of low-water stress on Membrane
stability, (C) Interaction effect of cultivar and stress levels on Membrane stability in pomegranate cultivars

under low-water stress. T In each chart, columns with atleast one similar letter indicate no significant
difference among treatments according to Duncan test at 5% level of probability.

a Judo 5
gl 55 8 s lS i i o1 oLt RIS @ Judg)lS i (K85 A5 e Gl b @l el
S )b 100 o jo lade (pl St 5l0 sae jgbas 45 al samlie (VY/YO MO/GLEW) cl)5 cod b as o /Y -
08, 4 bagje @ by IS lie 5 i g dals 4 Cos el LY 5 (Vo7 MO/gLEW) Jlade p 5eS b el
5 08, LiiSad o oaslie (MY MA/IGLEW) (5505 08, ;0 5 @ 89,5 o S 5 (\Y/AF mglgtFW) g8 ,uil
Olyee eselyy cad, b Y0 4 Ve 5l (S 55 maw (]I L el den 0wl lid Sis 15 Glise zglaw
MY/ Juds 05 ialidl a1 o 4 s o 5L 2ol Y0 mlaw 5o oglu jlee o8, ;0 Ll cél zals a Jdg,lS
slid gl slboasls b cote (Sred s (idsi ol ,0 8 Jubs)dS lime () Jsoz) ols oles (VY/+ ¥ LFW)
S (g S Ol b (i (Sason 5 S959M 5 a5 el 4 JedlS S 5 S 35,15 D by 1S
Sl st ol o St 25 i b IS 2al5 L L3 (Y Jpaz) gy U5 Jlons Slyigs,S 5 5 s 4

el 00l 5,155 (Shafiei, 2016) ' -5 ;5 5 (Gao et al., 2020) . «(Eftekhari Shahabadi, 2017) Ul

b Juds ks
5 il odnlie Sis e led sy (g)lo g Dl (S 15 e (1l8I L aS ol lid e ol gl
Olee (S 5 BNY 5 PIY MOIGLFW o3 a) Jdyaily 5 G chws 03, & bgnye Gl n i doedy O
5 8y Seny 0 bed, plo jo e ol 5l eS 6yl pxe jebday a5 ol cdalie g o8, 40 8 D LIS
Vool (Sas a5 b 50 L Ol o8, 52 bl ded o ols laih Lds IS ol p St a5 cilise psba

Olea europaea -\

AR


http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 |

(VF- 1) OFF L OF) (sloaior Fojlas YF al slnl L 555 5 ple aleo

5 99rs b by 8) 9 e b el cnl (Jg ol (las alS D 3915 (e e olyy Sy YO
Jsoz) Clws )l pme Sglis (Sas slajlos (5o Gl Gl (SaS s Gl LD L8915 lade po (alél
& JedglS o oJS Jids)lS @ SIS slaysiS b e (Sirmn slls Gingiy cnl 5 B JubsslS ol )
Sl Sy gl 4 K3 (5 Cad b (ke (Sien (reizen 05 adgidMl 5 uiliwgiil dsiig S wSeis S
Sheffield & ) ;5235 5 (Gao et al., 2020) o alax 3l iz 35 Sl ogme LS50 plo jo  olie bl (Y Jsox)
G o 53 i b LUl Sy o b s IS als bakal, o teedy ol 5 Jols s 4 sdel cess 4 (Wood, 2008
Bl (o ged (S2S S
S Jdgyls

L e o U5 Jbs)lS lien cisie 2l GaalS U5 Jds)lS olie i3 gl Sl b ol 3k 5
ol b anglio ;o (ol)5 )b 100 gl & bgye 525 JS o5 (liee 308 5 OAN MOIGLFW) (ol cd o
595 OAFO 9 VAAZ MYIGLFW o5 @) Slchusy 5 Jsdyuils slaedy & bsaye S Jedo)lS Gl i 52
Led) nlo ;o Ole cnl 5l 505 Golosne Hoba a5 a5 oaalie (VYIVA) (555 03, 50 508 Jed9,lS Ol (2505
180 sk b saalie IS Jidg)l5 ofiee (S G5 chlihe ol 5 o3, iSan 53 iagit ol @l i o
ogme L0 plo jo plice mls () Jeaz) sl olis g ls gme uals vald 4 cod el cud )b YD 4 7V0
(Gholami et al., 2012) * ,.=! «Gao et al., 2020) . «Eftekhari Shahabadi, 2017) Ul ale> ;| Sis os5 Cov
(Liu et al., 2020) i9J'|o)5 5 (Conceicao dos Santos, 2019; Karimi et al., 2017) ‘“;)L;,a «(Karimi et al., 2013) V(:‘\)l.g
Sl Sas 5 cod U Sy o S Lds,lS ialS b alad, o iest ol 5l ol s a8 el onds snalie
i slagiSlh 5 a5l slid B3 b Sk (Sivon slfs sy ol 53 U5 JeslS Clie A5k oo son 0
D5 355N 5 (railawsiil dsiis)lS 4 Judg IS Ced Sstig) S (S b IS b 5 Jds S ol o gliime
Slde (VY Jga2) 09 S5 Johome slanid pliae oI ghaw 4 SAS 09 S b (e (Ko Sl (izeen
GialS 05,5 oolitl (LS o yiiwsis colld g Cod,b sl Cga il s 45 0ogr GLLT s st ails K ailass,
235 06555 OgmldenST LS 4 g 0y 8 g 00y Sla i (b ys QLS Jlgate il Ko (Sid 15 S ps fdg IS
Lyl b jo Lde,lS oliae i pae b ialS iol38) Jafarnia et al., 2018) il oo Judg S w4 ol g L35 1S
Jisl jmalS cows Sis i .(Banks, 2018) el oad )18 (Sis il ol g (i 0,90 Jeb 0 9 (S 1S
b bLs,l o wlgige wad (s Cod oSy Rl ST ols Caws Gl 0gd o0 L89,lS Glgme 5 jiansid )0 g 2SI
helse @ Olsioe 1y (St i )0 Jeds)lS (il o8 a3l O 51 (S5 sl (25 T @m0 5 658 sl
& ol alass) (ul (5,85 3 5 ieeST Jlad glaaiss LSas ST e cudlg IS (g il slacawl azeen
(S35 A laitisn 5 Cedlyg IS 5ulsyaee a4z a8 Mg lS cdlad 5 Sy del 5 Gl aiile layge 0
Olee a4 8o 5 Glgims pals ol geS iid Lyl jo (Huseynova, 2012) cusls lad e 00,5 (J8g,5 sleime
a 34,05 (Hanci & Cebeci, 2014) wli)li5 b 5 ol ool ad § i o gslanST ol 51 Jaoxe ol aslis
ol Sl 5 31 (2 SIS (Fathi & Tari, 2016) 55 o 55 5t G5 Ly 59 5 Canl B Lo IS 51 ol
Frigid oSS, o)ls Fgid Gliee b (e (Shed (oo J35)IS (Slyione 5 wblge nmgtd S Zwdlg IS
5 W il dbwsr 5555 650 0033 g o o] Aaily (g 5 Wload LS5 JS g b @ Ldg)lS 5l eaiss
2 Jeds S lime IS ZhU, 2002) wily o 11 nngish gt g iU a5 5 Jo Llata 5 (5T (slagaizne (32,
2l 5 Y (slatS S5 02 5 9> 5| i 8 cSedlos IS slolid 55, ey 5| S 5 ol el T 5aS
1 5 6 Fimesis Janlly 255 o it o 4 5 S5 sn (8 Fiytd A, CAle 8IS 4 e 45 0 ] B
oS il ST o1 gla o], adg cde 4 sl (See g, IS L2alS s ogdle i8S Sgame |, asl audgs asests

Prunus armeniaca -¥ Citrus -v Prunus dulcis -v Ficus carica -A

IATAD


http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 |

Ohlar 5 00l

(o) Bed) (P p 3 Sas (s (b jo dg k5 cdale 2als' (Shafiei, 2016) Wl oo LaoseSS; (ol &5285 o
G5 5l g s ge als 1) g IS dliwgay H5i @i a5 03g 5y cdiblne sl (Sl ], S el (S
S g0 S ol SIS o i gelaS]
Sigiig,l8

gl 4 by ye a59859)15" (e (0 5 45 2L (8l adgiig )5 Jlade (Sis il waw B il Gub
Sl olis el; byl mala plo &) o |y oyl ine Salis oS 3gr (V1O MOIGLEW) el,5 o ls 7 YO
gl @ Loy 525 955,57 Glime (S 0l LS w95y l5 Gl g (St A5 Gl ol 5 03, AiSen
oS 5 OF MYGLEW) Jgbyaily o8, 4 bgspe jladie o s B, o 50 09 (aald) el cud)l aoyo Ve
)l (Sad i il b s, pled )0 .00 ,5 sanlie (A/OY MO/GLFW) G, o8, ;0 55 odsids, S lade
S 335598 Glime p Al g o) iSen SOV Jguz) S8l (Rl alsi 5 jlade (el)y bl YO
039 S b (shte (Ko 5 JS Jdo)dS b ga Ldg IS L oo (Sisn slils (ighy (nl 50 9udsiis)lS lie 05
S S gl 4 SES (355 Sl 9 395,15 A Ju8g) S Cond 5 S Jslome Dlioans S Oliee oS phaw 4 S2S
sheblis 6lp 1) GlawaST (B phces ol ademig 5 il L oS aas oo lis ol sla Saen (¥ Jgo2)
Gyl b ygp Ll LS 5 lgie 4 laadsiiy) 5 aiS (oo Jb La L3915 o )55 51 655 sl 5 (sueSS slalas
5° Badeiig)l5 Lade cplply aijlo 39 5 g Cudlyg IS 4 (o Sl Sjlus 9,5 3900t )3 (sope GRS B9 IS 0355
Khaleghi et al., ) s5,5 o1 s ley jo Judg S cdale yiolidl 5 g linle coml ials 4 e ol (See 6 S
He et al., ) wloas aislis loelid 5lu)lily 5 myz oymmshionSTy 000155 ylonaST 51 olsic 4 loaudatis S (2019
cladloe SYL 5L S esealad (iS5 Ll cou gl GBS 5s )0 a8s) 5 Rl s e Sl 4 2019
Aoy iy D sl o (Sis 5 Ful ow, e (Mellisho et al., 2012) ol o baSsisy IS alwsds (5,9
S8l Gl (Sid S Cod N Slals 5o adgia 5 WS (e Bblie (oaled jo ls plas alise dilaie
Db oo guad o1 L gt (ol 5l Jeol> s a5 Zarafshar et al., 2014)
S99y 4 Judg LS o

Sl Sl cpl 5laS g (V) by 08, 4 baye 35395 a4 Ld9,l5 S (S5 a8 o o 0l plas il
OIY) S 085 00 58 385598 @ 89,5 S (7S cBls ) 50505 5 OV/F) Jg,l5 o8, b s)ldone
G5 gl Gl L Laed) des jo b las (Sas p Gl gshaw 9 08, Sesn SV JSL) s S csalie
Dol b sy 08, 50 Rl (nl s cdl el aSss S 4 S, lS G o)y <8 T Y0 ) el (Sas
Olyee o lis oS cwnl pamle a5eiis 5 4 L IS cod () Jguz) ol cdmlive plB)] plu 4 cod (5o ge

Co S b oS Gl (gigid degemme 4 Oyl g (BT eaipolis a3l ful il polie el GlalS Sy (g
R reS 9 a8555,l5 A L89S s (0 YL glilo by 08 05b se 00ld il aSeig S A a8 IS S p
26 Cos geS 08, (pl je (Sple Cdlad g (6 wgid piu 45 dy oo JAT A S )0 09 Cand (pl jo talS
Gl a8 5 18 25 Lae &l
ol g |

P30 8y g (Sds il aSen y (eizen g ilesstl e LBy 5 (Sl G palaw o5 ols Lt b
b e (Ko Ghoghy 0ol 50 il e () Jgaz) 095 o dime (Siis 5 S )l Sy il l5e
(V7 Jgaz) codls wilsiig S ay Jedg IS i 5 S5 39,15 (sloo 5SSy plos e

OOY


http://journal-irshs.ir/article-1-633-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-29 ]

(VF-F) OFF L OF) sloamio Foylass FF ale syl LEL 5558 5 pole aloee
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cultivars under low-water stress. T In each chart, columns with atleast one similar letter indicate no
significant difference among treatments according to Duncan test at 5% level of probability.
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Fig. 5. (A) Effect of pomegranate cultivar on Phenol (gallic acid), (B) Effect of stress levels on Phenol (gallic
acid), (C) Interaction effect of cultivar and stress levels on Phenol (gallic acid) in pomegranate cultivars

under low-water stress. § In each chart, columns with atleast one similar letter indicate no significant
difference among treatments according to Duncan test at 5% level of probability.
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Fig. 6. (A) Effect of pomegranate cultivar on Phenol (Ellagic acid), (B) Effect of stress levels on Phenol (Ellagic
acid), (C) Interaction of cultivar effect and stress levels on Phenol (Ellagic acid) in pomegranate cultivars

under low-water stress. T In each chart, columns with atleast one similar letter indicate no significant
difference among treatments according to Duncan test at 5% level of probability.
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Fig. 7. Principal components' analysis (PCA) of the low water stress treatments and cultivars. Biplot from
pomegranate cultivars under to low water stress for 50 days. Groups were separated according their
legend, A and B, based on stress level and cultivar. chlorophyll a, b, total: (Cl a, Cl b, CI T), Cartenoid,
chlorophyll to cartenoid ratio Cl T/Car, relative water content: RWC, Membrabe stability, Dry weight to
area ratio: DW/A, Carbohydrate, Phenol (Galic acid): Pjenol G, Phenol (Ellagic acid): Phenol E.
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Table 2. Variance analysis of morphophysiological characteristics of pomegranate cultivars under low water stress.
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Table 3. Variance analysis of morphophysiological characteristics of pomegranate cultivars under low water stress.
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Climate changes have led to drought stress, which is a threat to the production of agricultural
products, including pomegranate, which is one of the important horticultural products of Iran.
This research aimed at to evaluate the effects of low water stress on the physiological and
biochemical characteristics of pomegranate in a factorial experiment in the form of a
completely randomized design with two factors including irrigation level (100, 75, 55 and
35% of field capacity) and five pomegranate cultivars (‘Rabab Niriz’, ‘Malas Momtaz Saveh’,
‘Malas Yusef Khani’, ‘Tabrizi’ and ‘Wonderful’). The results showed that low water stress
decreased the relative water content (35% decrease), cell membrane stability (42.9%
decrease), chlorophyll a and total chlorophyll, and increased carotenoid (19.5% increase),
flavonoid (7.9% increase), total soluble carbohydrate (23.9 percent increase) and total phenol
(21.4 percent increase), at the level of 35 percent of the field capacity compared to the control.
Among the cultivars, “Wonderful” had the highest relative content of water, chlorophyll a, b
and total chlorophyll, carotenoid, membrane stability and total phenol based on ellagic acid,
which has effective roles in activity of the non-enzymatic antioxidant and defense system of
this cultivar, in comparison with cultivar ‘Tabrizi’ that showed less tolerance to stress
compared with other pomegranate cultivars.

Keywords: Chlorophyll, low water stress, membrane stability, secondary metabolites.
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