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Abstract
The purpose of this study was to evaluate the biochemical responses to water stress tolerance of two pomegranate cultivars, 

‘Rabbab’ and ‘Shishehgap’. After the establishment of rooted stem cuttings of both cultivars under greenhouse conditions, they 
were treated with four levels of deficit irrigations (100%, 75%, 50% and 25% of field capacity) in a completely randomized design 
with four replications. The results showed a significant difference between the two cultivars regarding antioxidant enzymes activi-
ties. In both cultivars, the water stress increased the activity of superoxide dismutase, catalase and ascorbate peroxidase. However, 
at high water deficit (25% field capacity, FC), ‘Rabbab’ showed significantly higher enzyme activity than ‘Shishehgap’. In each 
level of irrigation, there were not considerable differences in peroxidase activity between the two cultivars. An increment of 162% 
and 65.5% in soluble sugar was gained at 50% FC in ‘Rabbab’ and ‘Shishehgap’, respectively. ‘Rabbab’ showed better growth 
performance in each level of irrigation than ‘Shishehgap’. Therefore, it can be concluded that ‘Rabbab’, with lesser decline in leaf 
relative water content (RWC), a strong antioxidant system and accumulation of more soluble carbohydrates, can resist higher water 
stress than ‘Shishehgap’.
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Introduction
Growth and development of plants are limited by 

water stress. Water stress is the main cause of farm 
production reduction (Blum, 2011). Iran is a dry coun-
try because the average of rain is only about 150 mm 
or less in dry and semidry zone that cover more than 
65% of Iran areas (Eslamian & Soltani, 2002). Planting 
fruit trees that are low water consumers can be a suit-
able strategy for arid and semi arid regions in the world 
(Greenwood et al., 2010; Jiménez et al., 2010).

Pomegranate (Punica granatum L.) is an ancient 
fruit-bearing deciduous shrub or small tree which is 
native from Iran to the Himalayas in northern India and 
has been cultivated and naturalized over the whole 

Mediterranean region (Morton, 1987; Zamani et al., 
2007). The pomegranate tree grows in wide range of 
climates and soil conditions, because of its highly 
compatibility. This tree grows also in many different 
geographical areas such as Spain (Galindo et al., 2014), 
Italy and California (Holland et al., 2009). The optimal 
climate growth condition for pomegranate exists in 
Mediterranean-like climate as follows: high exposure 
to sunlight; mild winters with minimal temperature not 
lower than -12 °C; and hot summers without rain 
(Levin, 2006). Iran is the world’s largest producer of 
pomegranate, with an annual production of 600,000 
tons spread over in 65,000 ha of land under cultivation 
with ~10% exported to other parts of the world (Hol-
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(Sharma et al., 2012). Zhang et al. (2010) have also 
shown that plants species can tolerate water stress by 
synthesis and accumulation of low molecular mass or-
ganic solutes such as soluble sugars, proline or other 
amino acids to regulate the osmotic potential of cells. 
The aim of this research was to investigate the role of 
antioxidant enzymes and carbohydrates in drought toler-
ance of two pomegranate cultivars.

Material and methods

The experiment was carried out from January 2012 
to September 2013, in a greenhouse (52° 32’ E, 29º 36’ 
N) at day/night temperatures of 34º/16º ± 3º C and mean 
relative humidity of 50% under natural sun light. Nine-
ty-six certificated disease-free one-year old rooted cut-
tings of two cultivars of pomegranate, ‘Rabbab’ and 
‘Shishehgap’ (48 cuttings each cultivar) were supplied 
from Baharestan nursery, Neiriz, Fars province, Iran. 
They were disinfected by a fungicide, 3% Benomyl 
(Averstar Industrial Co., Ltd. Shenzhen, China) and then 
transferred to 10-L plastic pots containing 1/3 sand, 1/3 
clay loam soil, 1/3 of peat moss, measured by volume, 
without drainage. The field capacity (FC) of the soil 
mixture used for potting was determined according to 
the protocol described by Richards (1949) using pressure 
plate apparatus. The amount of moisture of soil mixture 
at FC was calculated to be 20%, based on soil mixture 
dry weight (DW).

Potted plants were irrigated daily for four months to 
field capacity level, until the plants were established. 
Then, the experiment was conducted in complete ran-
domized design with 4 replications and 3 plants in each 
replicate (12 plants in each treatment). Treatments were 
4 levels of irrigation: 100% FC (control) 75%, 50% 
and 25% FC. The water supplies were maintained by 
weighing the pots every day. After three months of 
deficit irrigation treatments, the lengths of new shoots 
as a growth index were recorded using a ruler. The leaf 
relative water content (RWC) was determined as (FW 
− DW)/(TW − DW)×100, where FW is the fresh 
weight, DW is the dry weight after oven-drying the 
leaves at 80°C for 24 h, and TW is the turgid weight 
after re-hydrating the leaves at 4°C. For evaluation of 
biochemical responses, sampling and measurements 
were made, at least, on 10 fully expanded young leaves 
in each replicate.

For estimations of enzymes activities, leaves (0.5 g) 
were first homogenized in 50 mM potassium phosphate 
buffer (pH 7.8) containing 1 mM EDTA (ethylene di-
amine tetraaeetic acid), 3 mM 2-mercaptoethanol, and 
2% (w/v) polyvinyl polypyrrolidone (PVPP) in a 
chilled mortar. The homogenate was then centrifuged 

land & Bar-Ya’akov, 2008). Two cultivars of pomegran-
ate, ‘Rabab’ (Rabab-e-Neiriz) and ‘Shishehgap’ 
(sheshe-Cap-Ferdows), are suitable for export due to 
their skin thickness, small aril, good taste, and longtime 
storage (Varasteh et al., 2009). 

Many studies have evidenced the promising health 
features of pomegranate fruit (Mena et al., 2011). Con-
sequently, an increase in cultivation of pomegranate in 
subtropical and tropical area of the world has been 
observed, leading to commercial orchard establishment 
(Al-Said et al., 2009; Holland et al., 2009; Fawole et 
al., 2012).

One of the main steps in orchard establishment is 
selection of suitable cultivars. Plant species have dif-
ferent tolerances to drought stress (Wang et al., 2012). 
Adverse environmental conditions (such as drought) 
can cause oxidative stress when the over formation of 
free radicals such as superoxide anion (O2•−), hy-
droxyl radical (•OH), as well as non-radical molecules 
like hydrogen peroxide (H2O2), the so-called reactive 
oxygen species (ROS) occur in the plants (Gill &Tute-
ja, 2010). In stress condition, mal function of electron 
transport system leads to stepwise reduction of mo-
lecular oxygen (O2) and production of the highly reac-
tive ROS (Saraswathi & Paliwal, 2011). Despite sign-
aling role, ROS are highly toxic. The enhanced 
production of ROS cause peroxidation of lipids, oxida-
tion of proteins, damage to nucleic acids, enzyme in-
hibition, activation of programmed cell death (PCD) 
pathway and ultimately leading to death of the cells 
(Khalvati et al., 2010; Miller et al., 2010). Whether 
ROS will act as damaging or signaling molecule de-
pends on the delicate equilibrium between ROS produc-
tion and scavenging. The production of ROS occurrs 
in the cell at their production sites, including chloro-
plast, mitochondria and peroxisomes, where vital 
processes such as photosynthesis, respiration and 
photorespiration take place (Mittler, 2002).

Fortunately, plant species have specific defense 
mechanisms that make them enable to deal with drought 
stress. These defense mechanisms include antioxidant 
systems (Li et al., 2009; Aghaleh et al., 2010) and os-
motic adjustment (by increasing of compatible metabo-
lites) (Hongbo et al., 2006). Plant antioxidants contain 
enzymatic and non-enzymatic systems. Enzymatic an-
tioxidant system includes superoxide dismutase (SOD), 
peroxidase (POD), catalase (CAT) and ascorbate per-
oxidase (APX). Non-enzymatic low molecular metabo-
lites comprise ascorbate (ASA), glutathione (GSH), 
α-tocopherol, carotenoids and phenolic compound 
(Chaves & Oliveria, 2004; Mittler et al., 2004; Becana 
et al., 2010). The maintenance of a high antioxidant 
capacity to scavenge the toxic ROS has been linked to 
increased tolerance of plants to environmental stresses 
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spectrophotometrically. The enzyme was determined 
in a solution including 50 mM phosphate buffer (pH 
7.0), 5 mM H2O2 and 13 mM guaiacol. The reaction 
was initiated by adding 33 μL of POD extract at 25°C. 
One unit of enzyme was calculated on the basis of the 
formation of guaiacol to tetraguaiacol for 1 min.

Total sugars and starch

Total sugars were estimated by the method of Dubois 
et al. (1956). Cold anthrone reagent (14 mL) was added 
to 1 mL of ethanol extract sample. This mixture was 
shaken vigorously and boiled for 10 min in a boiling 
water-bath. After cooling in running tap water, the 
absorbance was read at 620 nm in a spectrophotometer. 
The amount of total sugar was estimated with reference 
to a glucose standard curve. 

The amount of starch was estimated by the method 
of McCready et al. (1950). The residue left behind after 
alcoholic extraction of the leaf materials was dissolved 
in 5 mL of 52% perchloric acid (PCA) for 1 h. The 
mixture was filtered through Whatman No. 42 filter 
paper and the filtrate was made up to 100 mL with 
distilled water. To 1 mL of the PCA extract, 4 mL of 
distilled water and 10 mL of freshly prepared cold 
anthrone reagent were added carefully along the side 
of the tube. The contents of the tubes were shaken 
vigorously and heated in a boiling water bath for 7.5 
min. The tubes were then cooled immediately in run-
ning tap water and shaken well before reading the color 
intensity at 630 nm. The starch content calculated with 
reference to glucose standard, and multiplied by 0.9 
and expressed in mg/g DW. 

Statistical analysis

The experiment was carried out as factorial in com-
pletely randomized design. The factors were two cul-
tivars of pomegranate and four levels of water stress 
with four replications including three plants in each 
replication (so, 12 plants per treatment). Data were 
analyzed using SAS software (vers. 9.0; SAS Inst. Inc., 
Cary, NC, USA) and the means were compared at 5% 
probability using Tukey’s multiple range test. 

Results

The growth of two genotypes was differently influ-
enced by water deficit. In ‘Shishehgap’, with reduction 
of water rate to 50% and 25% FC, the average lengths 
of new shoots decreased 21% and 50%, while the re-

at 16000 g for 30 min at 4 °C and the supernatant was 
used for enzyme assays.

Superoxide dismutase 

Total SOD (EC 1.15.1.1) activities were estimated 
by measuring its ability to inhibit the photochemical 
reduction of nitro blue tetrazolium complex (NBT) by 
the enzyme at 560 nm as described by Dhindsa et al. 
(1981) in a reaction mixture consisting of 0.1 mL en-
zyme extract, 50 mM sodium phosphate buffer (pH 
7.5), 13 mM L-methionine, 75 µM NBT, 0.1 mM 
EDTA, and 75 µM riboflavin. The reaction mixture 
was irradiated for 12 min and absorbance was record-
ed at 560 nm (using Biochrom WPA Biowave II UV/
Visible Spectrophotometer, England) against the non-
irradiated blank. One unit of SOD activity is defined 
as the amount of enzyme, which caused 50% inhibition 
in NBT reduction.

Ascorbate peroxidase 

APX (EC 1.11.1.11) activity was estimated by Na-
kano & Asada´s (1981) method. Briefly, each 3 mL of 
the reaction medium contained 50 mM K-phosphate 
buffer (pH 7.0), 0.1 mM H2O2 and 20 μL enzyme ex-
tract. APX activity was evaluated by the decrease in 
absorbance at 290 nm (using Biochrom WPA Biowave 
II UV/Visible Spectrophotometer, England) as ascor-
bate was oxidized. 

Catalase 

The determination of the activities of CAT (EC 
1.11.1.6) was based on the rate of H2O2 decomposition 
as measured by decreasing the absorbance at 240 nm 
(Dhindsa et al., 1981). The solution contained 50 mM 
potassium phosphate buffer (pH 7.0) and 15 mM H2O2. 
The reaction was started by the addition of 100 μL of 
enzyme extract to the reaction mixture and the change 
in absorbance was followed 1 min after the reaction 
started. One unit of activity is the amount of enzyme 
that decompose 1 mM of H2O2 in one minute.

Peroxidase 

POD activity (EC 1.11.1.7) was measured according 
to the method of Chance & Maehly (1955). The tetra-
guaiacol formed in the reaction has a maximum absorp-
tion at 470 nm and thus the reaction can be followed 
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cultivars and their interaction on CAT activity 
(Table 1). In ‘Rabbab’, with increasing water stress, 
CAT activity significantly increased from 251 U/g FW 
at 100% to 662 U/g FW at 25% FC. However, in 
‘Shishehgap’ there were not significant differences 
between CAT activities in the four levels of irrigation 
(Fig. 3b).

APX activity

The analysis of variance (ANOVA) shows that there 
was a significant difference between irrigation regimes, 
cultivars and their interaction on APX activity 
(Table 1). When the severity of water stress increased, 
the APX activity in leaves of both cultivars increased 
(Fig. 3c). In ‘Rabbab’, at 25% FC, APX activity was 
2.5 times greater than APX activity at 100% FC. In 
‘Shishehgap’, although this activity at 25% FC was 1.5 
folds higher than APX activity at 100% FC, there was 
a not statistically significant difference between them.

POD activity

The analysis of variance (ANOVA) shows that there 
was a significant difference between irrigation regimes 
and interaction between irrigation and cultivar on APX 
activity (Table 1). In both cultivars, with reducing the 
amount of irrigation water, the activity of POD in-
creased (Fig. 3d). At high water stress (25% FC), ‘Rab-
bab’ cultivar increased 4.4 times its POD activity in 
comparison with 100% FC.

duction for ‘Rabbab’ was 4% and 23% respectively 
(Fig. 1a). However, there was not significant difference 
between the two genotypes in 100% and 75% FC. In 
both cultivars, in high water deficit (25% FC) necrosis 
in fringe and apex of the leaves initiated after one 
month of starting treatments and gradually developed 
in all part of the leaves leading to leaf drop. Figure 2 
shows that this was more severe for ‘Shishehgap’ than 
for ‘Rabbab’. With increasing water stress to 25% FC, 
RWC significantly decreased in both cultivars; how-
ever, this reduction was more pronounced in ‘Shishe-
hgap’ than in ‘Rabab’. In 50% FC ‘Shishehgap’ had a 
significant 30% decrease in RWC, while this reduction 
was 12.5% in ‘Rabab’, non-significant in comparison 
to the control (Fig. 1b). 

SOD enzyme activity

The analysis of variance (ANOVA) shows that there 
was a significant difference between irrigation regimes, 
cultivars and their interaction on SOD activity (Table 1). 
In both cultivars, when reducing the amount of irrigation 
water, the activity of SOD increased (Fig. 3a). However, 
at high irrigation deficit (25% FC), the rate of SOD 
activity was significantly higher (445 U/g FW) in ‘Rab-
bab’ than in ‘Shishehgap’ (313 U/g FW).

CAT activity

The analysis of variance (ANOVA) shows that there 
was a significant difference between irrigation regimes, 

Figure 1. Effects of deficit irrigation on average shoot length, ASL (a) and on leaf relative water content (RWC) (b) of two pome-
granate cultivars. Means with the same letters are not significantly different (p<0.05) using Tukey’s  multiple rang test. 
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Sugar and starch

The results showed that the concentration of soluble 
carbohydrates increased in both cultivars in moderate 
water stress and then significantly decreased in high 
irrigation deficit (25% FC) (Table 2). Totally, the high-
est sugar rate (34.1 mg/g DW) was recorded in 50% 
FC, which was significantly higher than in the control 
(16.3 mg/g DW) and in 25% FC (23.3 mg/g DW). 
There was no significant difference between the two 
cultivars in each level of irrigation. Collapse of in-
soluble carbohydrate can result in an increase in the 
level of soluble sugar during drought stress. However, 
the concentration of sugar significantly decreased at 
high water stress (25% FC) (Figs. 4a and 4b). In rela-
tion to starch content, although with increasing water 
stress the amount of starch decreased, this decline was 
not significant except at 25% FC, in which the amount 
of starch significantly decreased (Table 2).

Discussion

Water deficit affected the average length of new 
shoots and necrosis and abscission of leaves occurred 
under severe water stress. This abscission may be due 
to hormonal imbalance and enhanced synthesis of the 
endogenous plant hormones ethylene (Gomez-Cadenas 
et al., 1996). In water stress conditions (50% and 25% 
FC) ‘Rabab’ cultivar had higher RWC than ‘Shi Me-
drano shehgap’. Thakur (2004) reported that under 
water deficit conditions, cultivars with lower decline 
in RWC were capable of retaining higher internal water 
status, which enables the plants to maintain the hydra-
tion of protoplasm for longer duration.

Abiotic stresses such as drought disrupt the balance 
between production and elimination of reactive oxygen 
species, and this lead to a sharp increase in intracel-
lular levels of reactive oxygen species that cause sig-
nificant damage to the cell structure (Gill & Tuteja, 
2010). 

Water deficit tolerance is often related with a more 
impressive antioxidative system (Tahi et al., 2008; 

Table 1. Analysis of variance for different enzymes (CAT, catalase; SOD, superoxide dismutase; POD, peroxidase; APX, ascor-
bate peroxidase) activities of two pomegranate cultivars under water stress.

Source of variation Df CAT SOD POD APX

Irrigation 3 109424** 135237** 1540** 9563023**

Cultivar 1 42411* 37339** 105ns 3606626*

Irrigation × Cultivar 3 28674* 6199* 106* 1751766*

Error 24 8452 1863.4 32.4 558702
CV 23.9 20.8 23.3 20.7

CV: coefficient of variation. Df: degree of freedom. **,*, ns: significant at level of 0.1, 0.05 and non-significant, respectively.

Figure 2. Growth of two pomegranate genotypes in control 
(100% FC) and severe water deficit (25% FC) during three 
months from May to July 2013: ‘Rabab’ in 100% FC (A), 
‘Rabab’ in 25% FC (B), ‘Shishehgap’ in 100% FC (C), and 
‘Shishehgap’ in 25% FC (D).
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decreased in this cultivar. Peroxidase is located in 
both cytosol and chloroplast acts as a H2O2 scaveng-
ing enzyme. This enzyme can eliminate H2O2 prop-
erly due to its existence in chloroplast where CAT is 
not present (Huseynova, 2012). Our finding is in 
accordance with previous Manivannan et al.’s (2007) 
study. CAT and POD are two of the most important 
enzymes in removing toxic H2O2 from plant cell. 
These enzymes (Sofo et al., 2005) conduct detoxifica-
tion and conversion of H2O2 to water and oxygen. 
APX is the first antioxidant enzyme that reacts di-
rectly with H2O2, hydroxyl radicals and superoxide 
and protects chloroplast against oxidative damages 
(Hoekstra et al., 2001). Increase in CAT activity has 
also been reported in other plants (Anjum et al., 2011; 
Huseynova, 2012).

Hojati et al., 2011). During water stress, especially in 
25% FC, both pomegranate cultivars (‘Rabbab’ and 
‘Shishehgap’) showed high activity of SOD, APX and 
CAT enzymes. These increments were more pro-
nounced in ‘Rabbab’ than in ‘Shishehgap’. The SOD 
catalyzes the dismutation of •O2 into H2O2 and O2, ac-
companied by the uptake of two protons and hence 
decreases the risk of OH formation via the metal cata-
lyzed Habere-Weiss type reaction (Gill & Tuteja, 2010; 
Heldt & Piechulla, 2011). Produced H2O2 is also cata-
lyzed and converts to water by APX enzyme (Shigeo-
ka et al., 2002).

In relation to POD, it was at high water deficit 
(25% FC) that POD showed a considerable activity 
in ‘Rabbab’, but in ‘Shishehgap’ a sharp increase was 
obtained at 50% FC, where the RWC significantly 

Figure 3. Effect of deficit irrigation on superoxide dismutase (SOD) (a), catalase (CAT) (b), ascorbate peroxidase (APX) (c) and 
peroxidase (POD) (d) activities in the leaves of two pomegranate cultivars. Means with the same letters are not significantly differ-
ent (p<0.05) using Tukey’s multiple rang test.

d d

cd

b

d

d

cd

a

0

100

200

300

400

500

(a) (b)

(c) (d)

SO
D 

(U
/g

 F
W

) 

 Shishehgap Rabab

b b
b

b

b

b

b

a

0

100

200

300

400

500

600

700

800

CA
T 

(U
/g

 F
W

) 

100 75 50 25

Irrigation rate (FC%) 

100 75 50 25

Irrigation rate (FC%) 

100 75 50 25

Irrigation rate (FC%) 

100 75 50 25

Irrigation rate (FC%) 

c
cb

cb

cb

c

cb

ab

a

0

1000

2000

3000

4000

5000

6000

7000

AP
X 

(U
/g

 F
W

) 

c

c

ab

a

c
c

bc

a

0

5

10

15

20

25

30

35

40

45

50
PO

D 
 (U

/g
 F

W
)



Spanish Journal of Agricultural Research December 2016 • Volume 14 • Issue 4 • e0809

7Antioxidant and carbohydrate changes of pomegranate under deficit irrigation

in mesophyll metabolism, functional and structural 
changes in chloroplast, and loss of chlorophyll content, 
which is considered a main cause of inactivation of 
photosynthesis and impaired production of carbohy-
drates (Flexas & Medrano, 2002; Anjum et al., 2011). 
In addition, elevated respiration consumes storage 
carbohydrate (Taiz & Zeiger, 2010). Therefore, the 
concentration of soluble sugar decreased (Hessini et 
al., 2009). 

In summary, diverse cultivars of pomegranate toler-
ate differently drought stresses. Our results showed that 
‘Rabbab’ and ‘Shishehgap’ cultivars can tolerate ad-
verse effects of water stress by increasing the synthe-
sis and accumulation of osmotic such as sugar and 
maintain the hydration of protoplasm or the activity of 
antioxidant enzymes. In this regard, ‘Rabbab’ cultivar 
with lower decline in leaf relative water content indi-
cated a better growth performance and more antioxidant 
enzyme activity than ‘Shishegap’.

References

Aghaleh M, Niknam V, Ebrahimzadeh H, Razavi K, 2010. 
Effect of salt stress on physiological and antioxidative 
responses in two species of Salicornia (S. persica and S. 
europaea). Acta Physiol Plant 33: 1261-1270. https:/doi.
org/10.1007/s11738-010-0656-x.

Al-Said FA, Opara UL, Al-Yahyai RA, 2009. Physico-
chemical and textural quality attributes of pomegranate 
cultivars (Punica granatum L.) grown in the Sultanate of 
Oman. J Food Eng 90: 129-134. https:/doi.org/10.1016/j.
jfoodeng.2008.06.012.

Anjum SA, Wang L, Farooq M, Khan I, Xue L, 2011. Methyl 
jasmonate-induced alteration in lipid peroxidation, anti-
oxidative defence system and yield in soybean under 
drought. J Agron Crop Sci 197: 296-301. https:/doi.
org/10.1111/j.1439-037X.2011.00468.x.

Becana M, Matamoros MA, Udvardi M, Dalton DA, 2010. 
Recent insights into antioxidant defenses of legume root 

Our study indicated that the concentrations of solu-
ble sugars in leaves of both cultivars increased during 
mild water deficit (at 75% and 50% FC), while the 
concentration of starch decreased. In order to tolerate 
deficit water stress, plants accumulate a high concentra-
tion of low molecular-mass organic solutes such as 
soluble sugars, proline or other amino acids to regulate 
the osmotic potential of cells aiming at improving 
absorption of water under drought stress (Zhang et al., 
2010). It seems that the treatment 25% FC, due to pho-
tosynthesis system damage, resulted in reduction of 
carbohydrates. Damage to the photosynthetic system 
may be due to dehydration of mesophyll cells, disorder 

Table 2. Interaction of water stress (irrigation rates at 100%, 75%, 50% and 25% field capacity) and cultivar on the rate of sugar 
and starch (mg/g DW).

Mean25% FC50% FC75% FC100% FCCultivar

Sugar (mg/g DW)
22.6 A21.0 bcd38.0 a17.0 cd14.5 dRabbab
24.2 A25.5 bc30.3 ab22.8 bcd18.3 cdShishehgap

23.3 B34.1 A19.8 CB16.3 CMeans
Starch (mg/g DW)

133.3 A40.8 c137.0 ab170.0 a184.3 aRabbab
127.4 A87.4 bc128.4 ab140.5 ab153.4 abShishehgap

64.0 B132.7 A155.7 A168.8 AMeans

FC: field capacity, DW: dry weight. In each treatment, means with the same letters (small letters for interaction and capital letters for 
main effect) are not significantly different using Tukey’s multiple rang test p≥0.05. 

Figure 4. Changes in leaf sugar and starch contents in two pome-
granate cultivars: ‘Rabbab’ (a) and ‘Shishehgap’ (b).

0

50

100

150

200

250

100 75 50 25

m
g 

/g
 D

W

Irrigation rate FC% 

0

50

100

150

200

(a)

(b)

100 75 50

m
g/

g 
DW

Starch Sugar

https:/doi.org/10.1007/s11738-010-0656-x
https:/doi.org/10.1007/s11738-010-0656-x
https:/doi.org/10.1016/j.jfoodeng.2008.06.012
https:/doi.org/10.1016/j.jfoodeng.2008.06.012
https:/doi.org/10.1111/j.1439-037X.2011.00468.x
https:/doi.org/10.1111/j.1439-037X.2011.00468.x


Morteza Ebtedaie and Akhtar Shekafandeh

Spanish Journal of Agricultural Research December 2016 • Volume 14 • Issue 4 • e0809

8

nodules. New Phytol 188: 960-976. https:/doi.org/10.1111/
j.1469-8137.2010.03512.x.

Blum A, 2011. Plant breeding for water-limited environ-
ments. Springer. 258 pp. https:/doi.org/10.1007/978-1-
4419-7491-4.

Chance B, Maehly AC, 1955. Assay of catalase and peroxi-
das. In: Methods in enzymology; Culowic SP & Kaplan 
NO (eds), pp: 764-765. Academic Press Inc, NY.

Chaves MM, Oliveira MM, 2004. Mechanisms underlying 
plant resilience to water deficits: prospects for water-
saving agriculture. J Exp Bot 55: 2365-2384. https:/doi.
org/10.1093/jxb/erh269.

Dhindsa RS, Plumb-Dhindsa P, Thorpe TA, 1981. Leaf se-
nescence: Correlated with increased levels of membrane 
permeability and lipid peroxidation and decreased levels 
of superoxide dismutase and catalase. J Exp Bot 32: 93-
101. https:/doi.org/10.1093/jxb/32.1.93.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F, 
1956. Colorimetric method for determination of sugar and 
analytical chemistry. Anal Chem 28: 350-356. https:/doi.
org/10.1021/ac60111a017.

Eslamian S, Soltani S, 2002. Plenty analysis of flood (trans-
lation). Arkan Pub, Paper 344.

Fawole OA, Opara UL, Theron KI, 2012. Chemical and 
phytochemical properties and antioxidant activities of 
three pomegranate cultivars grown in South Africa. Food 
Bioprocess Technol 5 (7): 2934-2940. https:/doi.
org/10.1007/s11947-011-0533-7.

Flexas J, Medrano H, 2002. Drought-inhibition of photosyn-
thesis in C3 plants: Stomatal and non-stomatal limitations 
revisited. Ann Bot 89: 183-189. https:/doi.org/10.1093/
aob/mcf027.

Galindo A, Calín-Sànchez Á, Collado-González J, Ondoño 
S, Hernández F, Torrecillas A, Carbonell-Barrachina AA, 
2014. Phytochemical and quality attributes of pomegran-
ate fruits for juice consumption as affected by ripening 
stage and deficit irrigation. J Sci Food Agric 94: 2259-
2265. https:/doi.org/10.1002/jsfa.6551.

Gill SS, Tuteja N, 2010. Reactive oxygen species and anti-
oxidant machinery in abiotic stress tolerance in crop 
plants. Plant Physiol Bioch 48: 909-930. https:/doi.
org/10.1016/j.plaphy.2010.08.016.

Gomez-Cadenas A, Tadeo FR, Talon M, Primo-Milo E, 1996. 
Leaf abscission induced by ethylene in water-stressed 
intact seedlings of Cleopatra Mandarin requires previous 
abscisic acid accumulation in roots. Plant Physiol 112: 
401-408. https:/doi.org/10.1104/pp.112.1.401.

Greenwood DJ, Zhang K, Hilton HW, Thompson AJ, 2010. 
Opportunities for improving irrigation efficiency with 
quantitative models soil water sensors and wireless tech-
nology. J Agri Sci 148: 1-16. https:/doi.org/10.1017/
S0021859609990487.

Heldt H, Piechulla B, 2011. Plant Biochemistry, 4th ed. Aca-
demic Press, London, 622 pp.

Hessini K, Martinez JP, Gandour M, Albouchi A, Soltani A, 
Abdelly C, 2009. Effect of water stress on growth, os-
motic adjustment, cell wall elasticity and water-use effi-
ciency in Spartina alterniflora. Environ Exp Bot 67: 
312-319. https:/doi.org/10.1016/j.envexpbot.2009.06.010.

Hoekstra FA, Golovina EA, Buitink J, 2001. Mechanisms of 
plant desiccation tolerance. Trends in Plant Sci 6(9): 431-
438. https:/doi.org/10.1016/S1360-1385(01)02052-0.

Hojati M, Modarres-Sanavy SAM, Karimi M, Ghanati F, 
2011. Responses of growth and antioxidant systems in 
Carthamus tinctorius L. under water deficit stress. Acta 
Physiol Plant 33: 105-112. https:/doi.org/10.1007/s11738-
010-0521-y.

Holland D, Bar-Ya’akov I, 2008. The pomegranate: New 
interest in an ancient fruit. Chron Hort 48: 12-15.

Holland D, Hatib K, Bar-Ya´akov I, 2009. Pomegranate: 
Botany, Horticulture and Breeding. Hortic Rev 35: 127-
191. https:/doi.org/10.1002/9780470593776.ch2.

Hongbo S, ZongSuo L, Ming AS, 2006. Osmotic regulation 
of 10 wheat (Triticum aestivum L.) genotypes at soil water 
deficits. Colloid Surf B 47: 132-139. https:/doi.
org/10.1016/j.colsurfb.2005.11.028.

Huseynova IM, 2012. Photosynthetic characteristics and 
enzymatic antioxidant capacity of leaves from wheat 
cultivars exposed to drought. Biochim Biophys Acta–
Bioenergetics 1817: 1516-1523. https:/doi.org/10.1016/j.
bbabio.2012.02.037.

Jiménez M, De Juan JA, Tarjuelo JM, Ortega JF, 2010. Effect 
of irrigation uniformity on evapotranspiration and onion 
yield. J Agri Sci 148: 139-157. https:/doi.org/10.1017/
S002185960999061X.

Khalvati M, Bartha B, Dupigny A, Schröder P, 2010. Arbuscular 
mycorrhizal association is beneficial for growth and detoxi-
fication of xenobiotics of barley under drought stress. J Soil 
Sed 10: 54-64. https:/doi.org/10.1007/s11368-009-0119-4.

Levin GM, 2006. Pomegranate roads: a Soviet botanist’s 
exile from Eden. Floreant Press, Forestville, CA, USA. 
pp: 15-83.

Li Y, Sun C, Huang Z, Pan J, Wang L, Fan X, 2009. Mecha-
nisms of progressive water deficit tolerance and growth 
recovery of Chinese maize foundation genotypes Huang-
zao 4 and Chang 7-2, which are proposed on the basis of 
comparison of physiological and transcriptomic respons-
es. Plant Cell Physiol 50: 2092-2111. https:/doi.
org/10.1093/pcp/pcp145.

Manivannan P, Jaleel CA, Kishorekumar A, Sankar B, So-
masundaram R, Sridharan R, Panneerselvam R, 2007. 
Changes in antioxidant metabolism of Vigna unguiculata 
(L.) Walp by propiconazole under water deficit stress. 
Colloid Surf B 57: 69-74. https:/doi.org/10.1016/j.col-
surfb.2007.01.004.

McCready RM, Guggolz J, Silviera V, Owens HS, 1950. 
Determination of starch and amylase in vegetables. Anal 
Chem 22: 1156-1158. https:/doi.org/10.1021/ac60045a016.

Mena P, Gironés-Vilaplana A, Moreno DA, García-Viguera 
C, 2011. Pomegranate fruit for health promotion: Myths 
and realities. Funct Plant Sci Biotechnol 5: 33-42.

Miller G, Suzuki N, Ciftcie Yilmaz S, Mittler R, 2010. Reac-
tive oxygen species homeostasis and signalling during 
drought and salinity stresses. Plant Cell Environ 33: 453-
467. https:/doi.org/10.1111/j.1365-3040.2009.02041.x.

Mittler R, 2002. Oxidative stress, antioxidants and stress 
tolerance. Trends Plant Sci 7: 405-410. https:/doi.
org/10.1016/S1360-1385(02)02312-9.

https:/doi.org/10.1111/j.1469-8137.2010.03512.x
https:/doi.org/10.1111/j.1469-8137.2010.03512.x
https:/doi.org/10.1007/978-1-4419-7491-4
https:/doi.org/10.1007/978-1-4419-7491-4
https:/doi.org/10.1093/jxb/erh269
https:/doi.org/10.1093/jxb/erh269
https:/doi.org/10.1093/jxb/32.1.93
https:/doi.org/10.1021/ac60111a017
https:/doi.org/10.1021/ac60111a017
https:/doi.org/10.1007/s11947-011-0533-7
https:/doi.org/10.1007/s11947-011-0533-7
https:/doi.org/10.1093/aob/mcf027
https:/doi.org/10.1093/aob/mcf027
https:/doi.org/10.1002/jsfa.6551
https:/doi.org/10.1016/j.plaphy.2010.08.016
https:/doi.org/10.1016/j.plaphy.2010.08.016
https:/doi.org/10.1104/pp.112.1.401
https:/doi.org/10.1017/S0021859609990487
https:/doi.org/10.1017/S0021859609990487
https:/doi.org/10.1016/j.envexpbot.2009.06.010
https:/doi.org/10.1016/S1360-1385%2801%2902052-0
https:/doi.org/10.1007/s11738-010-0521-y
https:/doi.org/10.1007/s11738-010-0521-y
https:/doi.org/10.1002/9780470593776.ch2
https:/doi.org/10.1016/j.colsurfb.2005.11.028
https:/doi.org/10.1016/j.colsurfb.2005.11.028
https:/doi.org/10.1016/j.bbabio.2012.02.037
https:/doi.org/10.1016/j.bbabio.2012.02.037
https:/doi.org/10.1017/S002185960999061X
https:/doi.org/10.1017/S002185960999061X
https:/doi.org/10.1007/s11368-009-0119-4
https:/doi.org/10.1093/pcp/pcp145
https:/doi.org/10.1093/pcp/pcp145
https:/doi.org/10.1016/j.colsurfb.2007.01.004
https:/doi.org/10.1016/j.colsurfb.2007.01.004
https:/doi.org/10.1021/ac60045a016
https:/doi.org/10.1111/j.1365-3040.2009.02041.x
https:/doi.org/10.1016/S1360-1385%2802%2902312-9
https:/doi.org/10.1016/S1360-1385%2802%2902312-9


Spanish Journal of Agricultural Research December 2016 • Volume 14 • Issue 4 • e0809

9Antioxidant and carbohydrate changes of pomegranate under deficit irrigation

tomato plants subjected to partial root drying and regu-
lated deficit irrigation. J Plant Biosyst 142: 550-562. 
https:/doi.org/10.1080/11263500802410900.

Taiz L, Zeiger E, 2010. Plant Physiology, 5th Ed. Sinauer 
Assoc. Inc., Sunderland.

Thakur A, 2004. Use of easy and less expensive methodol-
ogy to rapidly screen fruit crops for drought tolerance. 
Acta Hortic 662: 231-235. https:/doi.org/10.17660/Acta-
Hortic.2004.662.33.

Varasteh F, Arzani K, Zamani Z, Mohseni A, 2009. Evalua-
tion of the most important fruit characteristics of some 
commercial pomegranate (Punica granatum L.) cultivars 
grown in Iran. Acta Hort 818: 103-108. https:/doi.
org/10.17660/ActaHortic.2009.818.13.

Wang S, Liang D, Li C, HaoY, Ma F, Shu H, 2012. Influ-
ence of drought stress on the cellular ultrastructure and 
antioxidant system in leaves of drought-tolerant and 
drought-sensitive apple rootstocks. Plant Physiol Bio-
chem 51:  81-89.  ht tps: /doi .org/10.1016/ j .pla-
phy.2011.10.014.

Zamani Z, Sarkhosh A, Fatahi R, Ebadi A, 2007. Genetic 
relationships among pomegranate genotypes studied by 
fruit characteristics and RAPD markers. J Hort Sci Biotech 
82: 11-18. https:/doi.org/10.1080/14620316.2007.11512
192.

Zhang Y, Zhong CL, Chen Y, Chen Z, Jiang QB, Wu C, 2010. 
Improving drought tolerance of Causarina equisetifilia 
seedlings by arbuscular mycorrhizal under glasshouse 
conditions. New For 40 (3): 261-271. https:/doi.
org/10.1007/s11056-010-9198-8.

Mittler R, Vanderauwera S, Gollery M, Van Breusegem F, 2004. 
Reactive oxygen gene network of plants. Trends Plant Sci 
9: 490-498. https:/doi.org/10.1016/j.tplants.2004.08.009.

Morton J, 1987. Pomegranate. In: Fruits of warm climates; 
Morton JF (Ed), pp: 352-355. Miami, FL, USA.

Nakano Y, Asada K, 1981. Hydrogen peroxide is scavenged 
by ascorbate specific peroxide in spinach chloroplast. 
Plant Cell Physiol 22: 867-880.

Richards LA, 1949. Methods of measuring soil moisture ten-
sion. Soil Sci 68: 95-112. https:/doi.org/10.1097/00010694-
194907000-00008.

Saraswathi SG, Paliwal K, 2011. Drought induced changes 
in growth, leaf gas exchange and biomass production in 
Albizial ebbeck and Cassia siamea seedlings. J Environ 
Biol 32: 173-178.

Sharma P, Jha AB, Shanker DR, Pessarakli M, 2012. Reactive 
oxygen species, oxidative damage and antioxidative de-
fense mechanism in plants under stressful conditions. J 
Bot Article ID 217037, 26 pp.

Shigeoka S, Ishikawa T, Tamoi M, Miyagawa Y, Takeda T, 
Yabuta Y, 2002. Regulation and function of ascorbate 
peroxidase isozymes. J Exp Bot 53: 1305-1319. https:/
doi.org/10.1093/jexbot/53.372.1305.

Sofo A, Tuzio AC, Dichio B, Xiloyannis C, 2005. Influence 
of water deficit and rewatering on the components of the 
ascorbate-glutathione cycle in four interspecific Prunus 
hybrids. Plant Sci 69: 403-412. https:/doi.org/10.1016/j.
plantsci.2005.04.004.

Tahi H, Wahbi S, Modafar CE, Aganchich A, Serraj R, 2008. 
Changes in antioxidant activities and phenol content in 

https:/doi.org/10.1080/11263500802410900
https:/doi.org/10.17660/ActaHortic.2004.662.33
https:/doi.org/10.17660/ActaHortic.2004.662.33
https:/doi.org/10.17660/ActaHortic.2009.818.13
https:/doi.org/10.17660/ActaHortic.2009.818.13
https:/doi.org/10.1016/j.plaphy.2011.10.014
https:/doi.org/10.1016/j.plaphy.2011.10.014
https:/doi.org/10.1080/14620316.2007.11512192
https:/doi.org/10.1080/14620316.2007.11512192
https:/doi.org/10.1007/s11056-010-9198-8
https:/doi.org/10.1007/s11056-010-9198-8
https:/doi.org/10.1016/j.tplants.2004.08.009
https:/doi.org/10.1097/00010694-194907000-00008
https:/doi.org/10.1097/00010694-194907000-00008
https:/doi.org/10.1093/jexbot/53.372.1305
https:/doi.org/10.1093/jexbot/53.372.1305
https:/doi.org/10.1016/j.plantsci.2005.04.004
https:/doi.org/10.1016/j.plantsci.2005.04.004

