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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. 1 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, ¥ 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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Table 2. correlation coefficients of different traits in pomegranate cultivar underlow water stress
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Fig. 4. (A) Effect of pomegranate cultivar on total carbohydrate. (B) Effect of low-water stress level on total

carbohydrate, (C) Interaction effect of cultivar and stress levels on total carbohydrate 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. 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. 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. 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, ClI 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.
Square mean ole o LSk

Ol i @olio ay° a L ; Saise S e
Variability &l e lgiee L /J"df)ls b Jsg 15 fwsfls ' %”J}i” B 1S Jebds ls “fu "/}“
source Degree i J; BT p51psS o) s 55 k) eSS ) IS 039 1R ) . p51p S k)
of (0o ) : 73 chlorophyll (; e ” chlorophyll / e
freedorm RWé %) (Weight/Area) o orophyll a b (mg/ fw)f chlorophyll T carotenoid carot(gnc))/id (mglg fw)
0 (mg/g fw) 99 (mg/g fw) (mg/g fw anthocyanin
Cultivarad, 4 361.6 ** 0.05* 40.85 ** 5.8 ** 75.7 ** 12.4 ** 0.55 ** 0.76 ns
Stress o F‘“" 3 2048.5 ** 0.02 ns 6.74 ns 0.6 s 10.7ns 10.9 ** 0.53 ** 0.5 ns
9 ) LS
interaction of x5 12 73.2 ** 0.01ns 6.63 ** 1.8 ns 12.3 ** 1.3 ns 0.09 * 1.2 ns
cultivar and stress
qun)T ‘_gUa?'
experimental 40 92.8 0.015 2.6 1.4 1.4 1.12 0.05 1.12
error
Total Js 59 - - - - - - - -
Coefficient of 14.5 16.7 14.4 21.2 12.6 10.2 13.03 18.6
variation

Sl e BB pae NS B 7Y Jleisl mhaes 5o s re iy 4 TT +

11 '"TRespectively significant at 1% and 5% probability level, ns no significant difference.
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Table 3. Variance analysis of morphophysiological characteristics of pomegranate cultivars under low water stress.
Square mean ol o il

Ol yuss e 6°‘)'T a0
Variability  source Degree of agigdls dLed ol ~ ) S Slamng S LSS 0 S Jpi ~ o) (e Y ) b
freedom G5 039 505 ) (2=2) Total (5 o35 0 51p 5 (S22 o35 051055 Total (e 55 ¢ 5p 5
flavonoid Membrane carbohydrate (mg/g  Total phenol (gallic acid) phenol (ellagic acid) (mg/g
(mglg fw) stability (%) fw) (mglg dw) fw)
Cultivar &2 4 107.7 ** 206.6 ** 12126.2 ** 246658.5 ** 1104417.9 **
Stress | g\'/:l g 3 22.9* 762.3 ** 2559.2 ** 209007.1 ** 341355.9 **
O g by LiiSen
interaction of cultivar 12 144.9 ** 71.9 ** 799.9 ** 24310.4 ns 421771.4 **
and stress
olesl sl 40 6.5 10.99 233.3 15018.2 30168.8
experimental error
Total Js 59 - - - - -
Ol S g o )
Coefficient of 7.5 14.2 10.9 11.1 7.8
variation
Sl cme BB pae NS B 7Y Jleisl mhaes 5o s re iy 4 T +

+1 '"TRespectively significant at 1% and 5% probability level, ns no significant difference.
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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.



