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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
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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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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.
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2l pS LS cos Ul sla 03, 50 calises Glho  Siwaon ol o =Y Jgo

F N Ioa 3 ) 4
L, 2 2w 2o 1 o3 &g 3y J )
22 933 1313 9 E g 38 2 fF 2 a 3o . .
Y8 )8 JE jsff =k § 33 35 33 s o
22 722 4823 45 5 =° 2% & RN
i q o % o 30 g § E}i\ O 2 = -
~ ~ 9, 8 <<T‘: (&) *i) Y
1 RWC S s o o Sy
1 -0.237 DW/A Sy aja...a &S,y Sis e
1 -0.248 0213 Cla a Jdg)ls
1 0500  -0.319" 0.97 Clb b s
1 0.764™  0.490™ 0.310" 0.236 CLT J5 Jebe ks
1 0.372" 0.319° 0.332""  -0.302° -0.090 Cartenoid RO
1 331" 0.743" 0533 0.717" -0.079  0.289"  CI T/Cartenoid A55355,157 g IS
1 0.222 0.041  0.270° 0.288" 0.211 -0.034  -0.008  Antocyanin Ol
1 0.008 -0.157  -0.225 -0.307" -0.205  -0.305" 0.241 0.313° Total Carbohydrate Js' Jyloe ol ,uns S
1 -0.269°  -0.140  -0.232 0.048 -0.174 -0.154  -0.153 0.159 -0.213 Phenol G (SIS sy S8
1 -0.246  -0.342"  0.080 -0.023 0.148  0.084  -0.012 0.120 -0.196 0.150 Phenol E (Sez Yl o) Jsib
1 -0.059  -0.211 0.104 -0.011  0.341* 0214 0452 0.320°  0.439™ 0.019 -0.053 Flavenoid RRRAH
T and f7Significant (a=5%), highly significant (o= 1%), respectively
HOY


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

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

Ohlar 5 0l

Sigigdls

il Gl sy b 5y a5 (] L doys YO b Ve Sl (SaS A5 e Gl bl ik
sanlice dall 4 s Sial38l auoyo A L (YF/A MO/gLFW) el )5 cud b oo )0 OO mhaw 10 adgisds oliae oy ylios
Olee 2 8y Slog (VT (el cudsb aopd Ve mhan 5o vald @ by 53 a96dl Ol (S 5 w5
Js8yily o8, 5o 3l (LaS agigdl (e 2 (S A 5 08, Sl iSen (g SBIN (613 Gre DgldS AS9igME
Sl ety Cod b L YO B Ve e 5l SaS 25 mhaw (bl L (FY/Y MEIGLEW) osle jLias 5 (¥3/YMQ/gLFW)
S 3 IS D @ b3 15 5 b ko (Siran (sl gy ol )5 gt oliee () Jpaz) b Sialidl asigigdl
Jafarnia et ) Lol alex 5l laaisS plu ;o adgigdld olime p (Sas 25 J1 @l (¥ J9u2) og a3959,15 4 5,18
Cod UGSy 0 aSeigdd o3l b alayly jo sty cpl 5l Jols b aS ols las 1) auseigdd ol iul33l @al., 2018
Ao #5865 5 S 5 05,5 555 5 oSt ABlge geed 00D 53 gl b (SiS
Gl 1) glanST 25 SIS g 4l gead dBle 5 S ooyl Y laaiBl JsSly 5o olge cpl il e b s
By Sl o 85 el 5 o 53200538 53,550 JEE 5o Cgogasms olul dasigsds il BYs 5l o oo
oLS oUlss (Taiz & Zeiger, 2006) 5o co Condy ol oo g oadsisds Ll 4y o alox 5 oS 0 Slgulie
S 5 kS ane &5 4 slocuslio S esita i a5 5 oand Sl e b (K25 5 b gl 5o
ool L5 ol 5 mamd Rl b ol sl sl 5l ool glasl slad ol (2ol ol oS 5T gt
oS 5T Slge 0 Jolin Sis 55 ply j0 Gl eeilSKe (n Sete Ul ogee o (Terzi et al., 2010) oS o
Fo @ladssly Jols o Ladlre glacodglio cosl oS Caa Gloo iS5, adgs lawgs gilacnST O )lus alS gz
555 T50s S 5 5 5 p3ln okl 5 5 (st b 45 00 BT ilice g 5 gl ol i
28l Gl (ol 65 5 o Ul sge o el uSgsy alex | gl SlaS S ol M egee o
.(Pourghayoumi et al., 2017)
JS Jskouo &l 5

Ol oreS 9 OOFIY MYIGLEW) o5l jlias o8, 10 U5 Sliaums S e G nier gy G )0 @l &b 5
Gyl ao s YO b Ve e Sas il 2l b (I USS) s (AV/F MOIGLFW) b ,uils b3, 4 by e
MY/gLFW) ol 5L aoys YO mhae ;0 JS5 Slhaums S op iy s Glad Gl IS Jsloe Slhaims S o el
(@.T 3 duoy0 Vo) wald & bgsye o IS Slhaee S Gl e g dald 4 Caed il s ye YY/A L (VOYTY
G138 Gl s 8 i Gals 4y s S Slieng S olin G5 gl Gl5H b Lagd) aas 5 (o -F ) o
Sy o8y yo haid g 0 o ixe 2leS i zoha (5o (SBchug 5 ogle e by (Jsdyuily slagd, 5o
o3liinl b (65055 08, wo3 oo LaS &S olo (3l S Jolne liaen S (e 5)lo g jobay (Sas mlan a3l
JS8) a5 (oo oz g 00ls plis STy (it S 4 S ol a5 sl sloaiS 5 ol e Sl
S o ol slaaisS g ogee (LS ple o S Jslxe Slhaes S Gliee (owyp b o Raes5 (2 Y
oles (Javadi & Jafari, 2016) ‘9JL¢JT o (Sheffield & Wood, 2008) 4 ; «(Eftekhari Shahabadi, 2017) Ul ale>
I s s 53 )3 (S5 5 imen il 005 S sl Slyaengy S il el (Sis G5 4 wols
odds ,S3 i b Luegh opl 5l Jols> mls a5 Gao et al., 2020) cewl oo Sdbe sl 9 Jois jgu 5 5555 slaaid

2Bl oo gumon
et ke cgr Wil ks s a4 ol o8 G5 llps 50 Sy jo Jobore sl g S peas vy oo Sl 4
a7 ool Slaclams: S 4 oz Slacl s S (oS (i lulpd 5ol sl slad syl 5 S e
Jsloes g yools ol uwe S lidl celh Sy 5l 2, a5 50 Jasl oS uores g alis 4550 b5 onds

Prunus cerasus -\

NN


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

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

(VF- 1) DFF b OF) (sloamior Fojlas YF al lnl L ;555 5 ple dleo

SBLS (el )d (SaS 15 50 S Jsle slaaid 5 Slhans S Gl 09,5 oo Sy g 5 5935 9,8 55 9lS asilen
S ol Jewily (2ol aloz 5l oo pailils basgi oS 2lpS (25 Cov ingid (Lal5 L wdli e 4z s 350 pslie
Sl iz 4 e Ol ol 350aS Sjgo 50 i hte el Sl Sbml b g 0oge cliblre 68 lie o a3
logy ] laue O jlade 230l daiuiign b Wign slml b ol 50 (s joml Jrwilly oiad tals SluS 5 09 oo b
G Ghals ogdlay 00,5 oo Jozd g olS bawg Ol 950eS IS5 (ns 5 00,5 (5,55l o] o a5 5l g 00y S
Soliaeg,S has oll carge jb AL anwgs 5 ad) alS g edg aiBl o a8 Gl cex 6N Jele w3

.(Kannan & Kulandaivelu, 2011) 555 oo Yol con g Joho plai Slesle slaoy Sl L 4 Joloxe

B)<
(A) <&
- 200 -

v, 200 v,

2 a X 180

i b [n° e ab b _a\ 160 - b

7 1507 o ] b B ‘/1 ~140 1 © gz

B G o3 120 B

g B e e o % | B OE

.g L&J ]. 0 0 -1 C am u = = "t;‘ EP E::i EEE

[==1] I:I: :I:l I:I: :I:I = 8 80 - g@’ r..i.:'.'

= B uge = (e = B = E; Bz

8~ = E 601 [

2] - [u _ =8 o -:". '-'E:.:

= o RO T 40 B

g i S o204 B B

= " "] n "] 1'; E 0 E:-:

0 - | I_m_ i_M | | _N 0 r - . ,
N T - 100% 75% 55% 35%
& F & & FC FC FC FC
S KOS

) aS GASLow water streaa

Cultivar aé;

2l 65 5 g ) GiSe s () U5 Jslone Slianagy Sy ol 68 55 51 () S Jolome Sliaan S 1 o3, 51 -F S
o33l 10 Jlasl a8 oS i By S Bl 6l lacnSile T 268 i cou Ul a1 s ST @l jaieg S

Wl (gl s Dglas STl
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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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