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ABSTRACT

The effect of drought stress on some important morphological, chemical and biochemical

attributes of fruit including fruit weight and size, total arils, peel and seed weight, peel thickness,
fruit diameter and length, soluble solids (TSS), pH, titratable acidity (TA), maturity index (Ml),
total anthocyanin in arils, total phenolic in arils and peel, antioxidant activity in fruit juice and
peel of pomegranate (punica granatum L. cv. Rabab) were investigated. With reduce of soil
moisture content, fruit weight and volume, total arils, peel and seed weight were reduced. TSS
content was increased with moderate drought stress, but pH and TA in the severe drought stress
treatment were depicted the highest amount. MI in moderate drought stress showed the best state.
The juice anthocyanin between different treatments did not significant difference. The highest
total phenolic of juice pertained to severe drought stress. Total phenolic of fruit peel in different
soil moisture treatments was not significant difference. The high antioxidant activity of the juice
pertained to severe drought stress.

Keywords: Pomegranate, Drought stress, Fruit, Antioxidant activity

64
1JBPAS, December, 2015, 4(12), Special Issue


mailto:mohammadhadirad@gmail.com
mailto:asgharim.reza@yahoo.com
mailto:asareh@gmail.com

Mohammad Hadi Rad et al

Research Article

INTRODUCTION

The environmental stresses such as drought,
heat and cold, salinity and heavy metals are
considered as the main factors to reduce the
growth and performance of the plants
(Anjum et al., 2011). Drought is an important
limiting factor for the growth and
development of plants in arid and semiarid
regions. Drought stress leads to a
morphological, Physiological, biochemical
and molecular changes (Bajguz, Hayat 2009).
Effects of drought on the growth, yield, the
cell membrane stability, cellular turgor,
osmotic adjustment and water relation of
plant, the pigment content and photosynthetic
activities have always been attractive for
researchers (Passioura, 2007; Mittler, 2006).
In most fruit trees, drought stress leads to
change in the fruit quality via changes in the
concentrations of pH, TA, TSS, anthocyanin,
total phenolic and other chemical compounds
(Mpelasoka et al., 2001; Santos et al., 2007,
Hatier et al., 2009; Garcia-Tejero et al., 2010;
Mellisho et al., 2012).

Pomegranate (Punica granatum L.) is the
oldest known fruit (Blumenfeld et al. 2000)
that in a widespread manner has planted in
tropical and subtropical regions of several
countries of the world (Sarkosh et al., 2006).
This plant is naturally found in forest habitat

of the south Caspian Sea (Iran) and north of

Turkey (Janick 2007). Although this plant
grows in the vast scopes of different climes,
it has a high resistance to dry conditions
(Galindo et al. 2014). Pomegranate is one of
the most important orchard products of Iran.
The area under cultivation of pomegranate in
Iran around 550000 hectares (Sheidai et al.
2005) and the annual production 665000
tonnes (Akbarpour et al., 2010) have been
reported.

Pomegranate in a diverse manner has been
used in traditional as well as modern
medicine (Miguel et al., 2010). The different
components of this tree include flower, leaf,
fruit, and trunk skin, possessing numerous
medical qualities (Stover, Mercure 2007). Its
fruit has a high antioxidant and contains a
amount of

considerable minerals,

carbohydrates, acids, polyphenols and
phytosteroids (Schwartz et al. 2009; Seeram
et al., 2008). In the recent years extensive
researches have been carried on the physical
and chemical characteristics of different
cultivars of pomegranate and in this route the
superior cultivars have been introduced
(Akbarpour et al., 2010; Zarei et al., 2010;
Tehranifar et al., 2010). Except the cultivar
type, the environmental conditions also have
a noticeable impact on the physical, chemical

and biochemical features of pomegranate
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fruit. Meighani et al(2014) reported that the
environmental stresses during the fruit
growth are an effective factor in the
browning of the pomegranate arils. Drought
stress on the pomegranate fruit by regulative
deficit irrigation studied (Mellishoa et al.,
2012). They have reported that the fruit's size
and even the accumulation of chemicals in
the fruit were dependent on the rate and
period of drought stress.

The aim of the present research was to
investigate the influence of different soil
moisture level on some important physical,
chemical and biochemical characteristics of
the pomegranate cv. Rabab fruit.
MATERIALS AND METHODS

Plant material and experimental location
The experiment was conducted in the 4 year
old pomegranate cv. Rabab trees that were
cultivated in the distance of 3 x 4 meters and
were irrigated via the bubbler irrigation
system. The experiment was carried out,
during 2013 - 2014, in the Horticulture
Station of the Agriculture and Natural
Resources Research and Training Centerof
Yazd province, Iran. The average annual
precipitation and evaporation were 69 mm
and 3090 mm respectively. The average
annual temperature was 20 °C and the
maximum and minimum temperature was
44°C and -6.5°C respectively. The soil of

experimental area were sand-loam texture,
EC =4.12 (dsm™), and pH =7.21.

Experimental treatments
The design of the experiment was
randomized complete block with four
replications and each replication was
consisted of nine trees. Soil moisture
treatments were; 100% (control), 75%
(moderate stress) and 50% (severe stress)
field capacity. Drought levels were
maintained for one growth season. The soil
moisture measurement performed by time
domain reflectometer system (TDR model
TRAM) in depth of root development and in
the four depths viz. 0-25, 25-50, 50-75 and
75-100 cm. For accessing the required water
in the field capacity, along with the needed
measurements in this regard included
measurement of the weight moisture in
different depths, measurement of the soil
bulk density and calculating the volume
moisture for calibrating the TDR, the factors
such as initial soil moisture rate, the pure
depth of irrigation water, the wetness at the
feet of each tree, need for leaching and
performance of irrigation system were also
considered. The information related to the
evaporation from the class A evaporation
basin was procured from the statistics of the
Yazd climatology station. The entire

operations of fertilization, pruning and
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control of weeds in an orchard were carried
out based on the usual conditions.
Morphological properties

After the harvest of fruits from each tree their
respective counting and weight was
performed and the average fruit weight for
each tree was calculated. In continuation, the
respective measurement of diameter and
length of each of the fruits and length and
diameter of their calyx was carried out by
Collis digital and the average for each tree

was calculated. To measure the fruit volume,
4
the sphere volume calculator formula (5 r3)

was adopted in which the diameter of fruit
was used (Wetzstein et al., 2011). With the
selection of a fruit from each tree, the fruits
were reselected and with the use of a digital
(0.001

respective separation of arils from peel were

balance scales) precision, the
carried out. The weight of arils and peel was
measured and in proportion to the peel
thickness measurement in three sections;
primary, middle and end of the fruit were
performed and an average was obtained and
considered as the index of the peel thickness.
With smash of the arils proportionately the
juice and seeds were separated and each of
them was rescaled. With these conditions the
juice weight, seed weight and percentage of
the components constituting the fruit were

determined. The juice was used for

measuring of chemical and biochemical
characteristics. Even the peel of fruits were
introduced in the laboratory temperature
conditions, dried, later milled and used for
measuring of the total phenolic and
antioxidant activity.

Total soluble solids pH, titratable acidity
and maturity index

With the extraction of juice immediately the
total soluble solids (TSS) was measured by
refractometer (Mini Digital, Taiwan). Results
were reported as °Brix at 21°C. For the
determination of pH, pH meter (Metrohm
827) was used at 21°C. The titratable acidity
(TA) was measured by titration to pH 8.2
with 0.1N NaOH solution and Calculate
using the following formula (AOAC, 1984):
% acid = [mls NaOH used] x [0.1 N NaOH]
x [milliequivalent factor] x [100] grams of
sample

The maturity index (MI) of fruit was also
calculated with the dividing of TSS to TA
(TSSITA).

Total anthocyanin, total phenolic and
antioxidant activity

Total anthocyanin pigment was measured by
using of the pH difference method between
the two buffered systems (Giusti, Wrolstad
2001). In this method, after the preparation of
the juice extract and its dilution (1:10), in the

two buffers with acidity 1 (potassium
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chloride) and 4.5 (sodium acetate), the
absorption of samples in the 510 and 700 nm
wavelengths was measured by
spectrophotometer (Jenway 6105, England).
The total anthocyanin was calculated based
on the

Cyanidin  8-glucoside as an

anthocyanin  dominant pomegranate as
following formula:

A= (A510 — A700) pH1.0 - (A510 — A700)
pH4.5

Total anthocyanin= [(AXMWxDFx100)/ (¢
*1)]

It was converted to mg of total anthocyanin
content /100 g pomegranate juice. MW is the
molecular weight, DF is the dilution factor,
and ¢ is the molar absorptivity, calculate
pigment content as cyanidin-3-glucoside,
MW = 449.2 and &= 26900

The total phenolic content was measured by
Folin-Ciocalteau =~ method
1965). 0.3ml diluted

pomegranate juice in the ratio of 1:100 was

using  the

(Singleton, Rossi

mixed with 1.5 ml diluted Folin-Ciocalteau
reagent. After five minutes, 1.2 ml of 7.5%
Na,COs3 (Sodium carbonate) was added to it
and after 1.5 hours in the laboratory
and dark
absorption by spectrophotometer (Jenway
6105, England) at 760 nm. Gallic acid was

used for comparison with standard curve.

temperature conditions, its

The total phenolic content was stated as mg

of Gallic acid in a litter of fruit juice (ppm).
This procedure was also carried out for the
methanolic extract of fruit peel and the total
phenolic content was stated as mg of Gallic
acid in a kg (m/kg) of fruit peel.

The antioxidant activity of fruit skin and
juice was measured by Shimada et al (1992)
method. From the diluted fruit juice with
85% methanol in the ratio of 1:100 and the
prepared methanolic extract from the fruit
peel in the concentration of 0.2 ml was used.
From each of the samples, 500 pl was taken
and mixed with 500 pl distilled water and
they were centrifuged at 10000 rpm for 5 min
at room temperature. Later 75 pl of phase
leach with the 2925 pl DPPH solution
(0.0024 gm. DPPH with 85% methanol was
made up to a volume of 100 ml) and
vortexes. Eventually, the absorption of
samples was read after placement in the dark
for a period of 30 minutes at 517 nm by
spectrophotometer (Jenway 6105, England).
Concurrently, with this act absorption of the
control sample was also measured (where
instead of extract 0.2 ml 60% methanol was
used). The antioxidant activity was
calculated by following equation.
Antioxidant activity (%) = [(Abs control -
Abs sample)/Abs control] x 100.

Statistical analysis
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Data were analyzed by SPSS statistics
versionl7.0 software using analysis of
variance (ANOVA) and differences among
means were determined for significance at
P< 0.05 whit Duncan test. All data were
tested for homogeneity and normality test.
RESULTS AND DISCUSSION

Water consumed

The consumed water amount for each one of
the soil moisture treatments in comparison to
the evaporation from class A evaporation
basin during the experimental period is
shown in the Figure-1. The rate of water
consumed by trees (evapotranspiration)
during this period (from March to October)
in 100%, 75% and 50% field capacity were
881.2, 675.6 and 469.8 mm respectively. The
evaporation rate also was 1933 mm. The
evapotranspiration values for the 100%, 75%
and 50% field capacity treatments were
equivalent to 45.6%, 35.0% and 24.3% of the
evaporation respectively.

Morphological properties

The physical and morphological fruit
characteristics under the drought stress
conditions are shown in the table 1 and 2. In
most of the cases, including the fruit weight,
fruit volume, aril weight, peel weight, seed
weight and juice weight among different soil
moisture treatments had a significant

difference in the 1% level (P<0.01). Fruit

weight was 262.75g in the control and
177.10g in the severe stress treatments. The
fruit volume also reduced from 262.30 cm®in
control treatment to 165.40 cm?® in severe
stress. With the fruit weight reduction, both
aril and peel also reduced due to the drought
stress. The effect of severe drought stress on
the peel was more than arils. With the
increase of drought stress from moderate
stress to severe stress, the peel weight
reduced from 97.42g to 85.92g and have
significant difference (P<0.01). A significant
difference was not observed between the
moderate stress and severe stress treatments
in the arils weight. Significant differences
were not observed between soil moisture
treatments in aril percent and peel percent,
although the highest aril percent pertained to
control with 53.33%. The highest peel
percent was related to moderate stress
treatment. Fruit seed is an important fruit
quality for pomegranate. Fruit seed weight
was significantly higher in control (P<0.01),
but it showed the highest seed percent in
relation to the other fruit component related
to the severe stress treatment (6.91%) which
had a significant difference with the other
soil moisture treatments (P<0.01). The
highest juice fruit obtained from arils of the
treatment
(125.939) and had significant difference with

pomegranate in the control
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the other soil moisture treatments (P<0.01).
There are significant difference (P<0.01)
among soil moisture treatment on fruit juice
percent. The highest percent of fruit juice
obtained from control treatment (47.06%).
Mpelasoka et al(2001) reported that stress
due to water shortage in the soil besides
reducing the fruit size of an apple, can cause
performance reduction, although it possibly
could lead to fruit stiffness and the
improvement of storage conditions. Garcia-
Tejero et al (2010) with enforcement of
different drought stress conditions on the
orange trees concluded that although the fruit
size is much influenced by the number of
fruits on the tree, still the drought stress can
lead to its size reduction. Lopez et al (2008)
investigated the influence of low irrigation in
the second growth stage of pear fruit and
reported that the low irrigation along with
pruning in this fruit growth stage can lead to
optimum fruit growth. While, the low
irrigation due to reduction of fruit accessible
water amount, can alone reduce the fruit
growth. Mellisho et al (2012) during a
research found that increase and or decrease
in the size and performance of fruit and even
the accumulation of chemicals in
pomegranate fruit is influenced by the rate
and period of drought stress. The severe

drought stress, especially during the rapid

growth of fruit, besides reducing the
performance leads to reduction of fruit
quality and namely the fruit size. Wetzstein
et al (2011) carried out their investigations on
the pomegranate cv. Wanderful and reported
that although the fruit size was influenced by
the genotype, the highest effect on the fruit
size and volume increase in the mentioned
cultivar pertained to the existing arils number
in each fruit and the average weight of each
aril did not have an effect on fruit size and
weight increase. They found that the formed
arils number was effective due to pollination.
It seems that the drought stress is a factor
which is effective for the inappropriateness
of pollination conditions and abortion seed
which were followed by a reduction in the
number of arils.

The highest fruit peel thickness was
pertained to moderate stress (5.73 mm) and
was significant difference with the other
treatments (P<0.05). Akbarpour et al (2009)
reported that the medium peel thickness of
this cultivar is 6.01 mm which had the
highest amount among the investigated
cultivars. This rate was reported 4.61 mm for
the cultivar Rabab (Ehteshami et al., 2012). It
seems that despite the fact that skin thickness
has been introduced as a cultivar, the
moderate drought stress has led to an

increase of skin thickness. The fruit length
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due to enforcement of drought stress reduced,
nevertheless a difference between the soil
moisture treatments were observed in 5%
level. The highest fruit length pertained to
control (82.29mm) and showed a significant
difference (P<0.05) to other soil moisture
treatments. Drought stress reduced the fruit
diameter from 78.95 mm in the control to
67.97 mm in the severe stress treatment,
although a significant difference was not
observed between moderate stress and severe
stress treatments. Due to drought stress
enforcement the fruit length to diameter ratio
(L/D) increased.

The highest correlation was observed
between fruit weight with aril weight
(r=0.91), peel weight (r=0.876) and seed
weight (r=0.746). Between the fruit volume
and aril weight (r=0.597), peel weight
(r=0.616) and seed weight (r=0.642) a
positive and significant correlation was
observed (P< 0.01). With increase in the
juice fruit, the weight of each of the fruit
components viz. arils weight, skin weight and
seed weight had a considerable increase in a
manner that it exhibited a positive and
significant relationship (P<0.01). A direct
relation was observed between fruit weight
and fruit volume or fruit diameter (r=0.993

and r=0.676 respectively).

Total soluble solids pH, titratable acidity
and maturity index

Chemical  properties of  fruit juice
pomegranate in this study showed significant
differences in all parameters (Table-3). A
significant difference (P<0.01) was observed
between control and other drought stress
treatments. Moderate stress treatment had
more TSS (15.64°Brix). TA also showed a
significant difference (P<0.01) between the
different of soil moisture treatments. The
highest amount pertained to severe stress
treatment (5.61%). Drought stress reduced
the fruit pH from 3.51 in the control to 3.36
in the severe stress treatment. MI rate in
severe stress treatment had a considerable
reduction and it reached to 2.83 which had a
significant  difference with the other
treatments (P<0.01).

The results showed that although drought
stress leads to a reduction of the values
related to the physical characteristics of fruit
such as fruit weight and volume, but it led to
the improvement in many of the fruit
chemical parameters such as pH, TSS and
TA (Table-3). Mellisho et al (2012) were
reported that TSS increased with moderate
drought stress in fruit juice pomegranate.
They did not observe change in the rate of
pH and TA in different drought stress levels.

Garcia-Tejero et al (2010) reported that the
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quality of the orange fruit via TA and TSS
increase with drought stress. However,
Mpelasoka et al (2001) studied enforcement
of drought stress on apples and concluded
that the drought stress can increase TSS
concentration in the fruit, although it did not
have a significant effect on the TA.

In the experimental conditions, TA and TSS
for the Rabab pomegranate were reported
19.56°Brix and 1.35g citric acid in 100g of
juice respectively (Zarei et al., 2010).

The highest correlation pertained to TA with
MI. With the increase of TA the MI of fruit
reduced (r= -0.793). Similarly with increase
of juice pH, the fruit Ml also increased (r=
0.660). With increase of juice TA, juice pH
-0.774).

aforementioned data it was determined that

reduced (r= Considering the
severe drought stress leads to reduce pH and
increase TA, whereas the MI reduced.

Total anthocyanin, total phenolic and
antioxidant activity

The significant difference was not observed
between the

different soil moisture

treatments in the juice anthocyanin
concentration (Table -3). Mellisho et al.
(2012) reported that with moderate drought
stress in the pomegranate, cv. Mollar de
Elche, the anthocyanin increased. In most of

the plants, the moderate drought stress led to

anthocyanin rate increase (Hatier, Gould
2009).

The present experiment showed that the total
juice phenolic content increased with drought
stress. With the increase of drought stress
from control to severe stress, the total juice
phenolic content reduced from 1796.48g/l to
2680.12¢g/l and have significant difference
(P<0.01). Although, the total peel phenolic
content was too high, not significant
difference  was observed between the
different drought stress levels.

Zarei et al (2010) reported that the total
phenolics content in the juice of cultivar
Rabab in the experimental conditions was
786.2 mg in 100 gm of juice. They reported
that in this cultivar had total phenolics
content more than others studied cultivars.
The high

compounds in the juice and peel in this

accumulation of  phenolic
cultivar is mark for difficult environmental
adaptability such as drought stress. One of
the  mechanisms  resistant to  the
environmental stresses in the plants is PAL
(Phenylalanine ammonia-lays). This enzyme
activity has important role in the synthesis of
phenolic  compounds. The  phenolic
compounds can improve the resistance rate in
the plants (Hura et al., 2007). Santos et
al(2007) have investigated that drought stress
increased

anthocyanin  and  phenolic
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components in fruit grapes and improved the
fruit quality, although yield was reduced.

The research results on the fruit juice and
peel antioxidant activity showed that even
though due to higher total phenolic content,
the fruit antioxidant activity was high (Table-
3), but its amount in the fruit juice increased
with drought stress increase and had a
significant difference with other soil moisture
treatments (P<0.01). Corresponding to the
fruit peel antioxidant activity in the control
treatment was highest (60.59%), although a
significant difference was not observed with
others treatments (Table -3). The high fruit
peel antioxidant activity indicated that higher
amount of phenolic compounds in the fruit
peel. The pomegranate juice included the
compounds such as ellagic tennis,
anthocyanin, catechins, gallic and gallic acid
that are the antioxidant chemical compounds
(Sadeghi et al., 2009). However, Zarei et
al(2010) and Ehteshami et al (2012) reported
that the antioxidant activity rate of
pomegranate juice cultivar Rabab was 51.46
and 70.25

aforementioned low values in this research

percent respectively. The
could be due to the low anthocyanin present
in the juice, although Tatari et al (2011)
reported that the concentration of

anthocyanin present in pomegranate juice

does not have any relationship to its
antioxidant activity.

While investigating the relationship between
fruit anthocyanin concentration and other
juice  phenolic compounds  with its
antioxidant activity, it was determined that
anthocyanin present in juice due to
negligibility did not have a significant effect.
The other phenolic compounds in the juice
was higher than anthocyanin and they have
had a significant correlation (r=0.670) with
antioxidant activity. (The rate of phenolic
compounds in the fruit peel also had an
effective role in its antioxidant activity and it
have had significant correlation (r= 0.590)
with  antioxidant activity. The juice
anthocyanin concentration in pomegranate
with the reduction of other phenolic

compounds increased, nevertheless the
chemical compounds in a fruit during the
fruit maturation period and at the time of
storage changes (Mousavinejad et al., 2009).
The results showed that with increased
drought stress, phenolic compounds (except
anthocyanin) also increased and antioxidant
activity  increase.  With  increase  of
antioxidant activity, reactive oxygen species
(ROS) damages decrease.

CONCLUSIONS

Although pomegranate is introduced as a

resistant plant to drought, drought stress can
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affect the morphological, chemical and
biochemical characteristics of fruits. With the
drought stress enforcement most of the fruit’s
morphological factors such as fruit weight,
fruit volume, total arils, peel and seed weight
were affected and reduced. Even the fruit
length to diameter ratio (L/D) was influenced
by drought stress. With drought stress, length
to diameter ratio was increased. Although, the
drought stress led to increase in the fruit peel
weight, but it did not have a significant role in
the thickness increase. The moderate drought
stress led to the improvement of the fruit
qualitative indexes such as MI and TSS,
although the highest rate of total acidity and
the lowest pH rate pertained to severe drought
stress.  The juice  fruit  anthocyanin
concentration was less affected by drought
stress. With the increase of drought stress the
total phenolic content in fruit juice increased
and caused for increasing of antioxidant
activity. The total phenolic content in fruit peel
in all of soil moisture treatments was too high
and antioxidant activity also increased and not
significantly different between treatments.
This research indicated that arils in relation to
the peel were much affected by the
environmental stresses. In fine, it can be safely
concluded that the enforcement of moderate
drought stress (75% of field capacity) during

the growth period of pomegranate trees can be

planned for an optimal qualitative and
quantitative product harvest.
REFERENCE

1. Anjum S.A, Xie X., Wang L.

Saleem M.F., Man C., Lei W. (2011):
Morphological, physiological and
biochemical responses of plants to
drought stress. African Journal
Agricultural Research, 6 (9): 2026-
2032.

. Akbarpour V., Hemmati K., Sharifani

M., Bashiri Sadr Z. (2010):
Multivariate analysis of physical and
chemical characteristics in some
pomegranate  (Punica  granatum)
cultivars of Iran. Journal of Food,
Agriculture and Environment, 8 (1):
244-248.

. Akbarpour V., Hemmati K., Sharifani

M. (2009): Physical and chemical
properties of pomegranate (Punica
granatumL.) fruit in maturation stage.
American-Eurasian Journal
Agricultural and Environment
Science, 6 (4): 411-416.

. AOAC, (1984): Official methods of

analysis, 14th ed. Association of
Official Analytical Chemists,
Washington DC, U.S.A.

Bajgus A and hayat S. (2009): Effects

of brassinosteroids on the plant

1JBPAS, December, 2015, 4(12), Special Issue

74



Mohammad Hadi Rad et al

Research Article

responses to environmental stresses.
plant physiology and Biochemistry,
47:1-8.

Blumenfeld A., Shaya F., Hillel R.
(2000): Cultivation of Pomegranate.
CIHEAM:
Mediterraneans.,http://ressources.cihe
am.org/om/pdf/a42/00600264.pdf.
Brand-Williams W., Cuvelier M.E
and Berset C (1995): Use of a free
radical

Options

method to evaluate
antioxidant activity. Food Science
and Technology, 28: 25-30.

Ehteshami S., Khani-Sari H., ershadi
A. (2012): Effect of Kaolin and
Gibberellic Acid Application on
Some Qualitative Characteristics and
Reducing the Sunburn in

Pomegranate Fruits (Punica
granatum) cv. ‘RababNeiriz’ Plant
production Technology in Iran, 11(1):
15-23.

. Garca-Tejero 1., Jimenez-Bocanegra
J.A., Martinez G., Romero R., Duran-
Zuazo V.H., Muriel-Fernandez J.
(2010): Positive impact of regulated
deficit irrigation on vyield and fruit
quality in a commercial citrus orchard
(Citrus sinensis L.) Osbeck, cv.
Water

salustiano. Agricultural

Management, 97(5): 614-622.

10.

11.

12.

13.

14.

Wrolstad

Acylated anthocyanins

Giusti M.M and
R.E.(2003):
from edible sources and their
application in  food  systems.
Biochemical Engineering Journal, 14:
217-225.

Galindo A., Rodriguez P., Collado-
Gonzalez j., Cruz Z.N., Torrecillas E.,
Ondono S., Corell M., Moriana A.,
(2014): Rainfall

intensifies fruit peel cracking in water

Torrecillas  A.
stressed pomegranate trees.
Agricultural and Forest Meteorology,
194, 29-35.

Hatier H.B and Gould K.S. (2009):
Anthocyanin functions in vegetative
organs  anthocyanins. Springer
Science + Business Media, LLC:
New York, NY, USA, pp. 1-19.

Hura T. Grzesiak S., Hura K,
Thiemt E., Tokarz K., Wedzony M.
(2007):
biochemical tools useful in drought-

Physiological and

tolerance detection in genotypes of

winter triticale: accumulation of
ferulic acid correlates with drought
tolerance. Annual Botany, 100: 767-
775.

Janick J. (2007): Fruits of the

Bibles.Hort Science. 42: 1072-1076.

1JBPAS, December, 2015, 4(12), Special Issue

75


http://ressources.cihe

Mohammad Hadi Rad et al

Research Article

15.

16.

17.

18.

19.

Lopez G., Arbones A., Campo J.D.,
Mata M., Vallverdu X., Girona J.,
Marsal J. (2008): Response of peach
trees to regulated deficit irrigation
during stage Il of fruit development
and summer pruning. Spanish Journal
of Agricultural Research, 6(3): 479-
491. Available
www.inia.es/sjar ISSN: 1695-971-X

Meighani H., Ghasemnezhad M.,
Bakhshi D. (2014): Evaluation of

online at

biochemical composition and enzyme

activities in  browned arils of

pomegranate  fruits. International
Journal of Horticultural Science and
Technology, 1(1): 53-65.

Mittler R. (2006): Abiotic stress, the
field
combination. Trends in Plant Science,
11:15-19.

Mellishoa C.D., Egeaa l., Galindoa

A., Rodriguez

environment  and stress

P.,Rodriguez  J.,
Conejeroa W., Romojaroa F. ( 2012):
Pomegranate (Punica granatum L.)
fruit response to different deficit
irrigation  conditions.
Water Management, 114: 30-36.

Agricultural

Mousavinejad G., Emam-Djomeh Z.,
Rezaei K., Haddad-Khodaparast M.H.
(2009):
quantification of phenolic compounds

Identification and

20.

21.

22.

23.

24.

and their effects on antioxidant
activity in pomegranate juices of
eight Iranian  cultivars.  Food
Chemistry, 115: 1274-1278.
Mpelasoka B.S., Behboudian M.H.,
Mills T.M. (2001): Effects of deficit
irrigation on fruit maturity and quality
apple.
ScientiaHorticulturae, 90(3-4): 279-
290.

Passioura J. (2007): The drought

of '‘Braeburn'

environment: physical, biological and
agricultural perspectives. Journal of
Experimental Botany, 58: 113-117.
Santos T.P.d., Lopes C.M., Rodrigues
M.L., Souza C.R.d., Ricardo-da-Silva
J.M., Maroco J.P., Pereira J.S.,
Chaves M.M. (2007): Effects of
deficit irrigation strategies on cluster
microclimate for improving fruit
composition of Moscatel field-grown
grapevines. Scientia Horticulturae,
112(3): 321-330.

Sarkhosh A., Zamani Z., Fatahi R.,
Ebadi A. (2006): RAPD markers
reveal polymorphism among some
Iranian

pomegranate (Punica

granatum L.) genotypes. Science
Horticulture, 111: 24-29.
Schwartz E., Glazer I., Bar-Ya’kov I.,

Matityahu 1., Bar-llan 1., Holland D.,

1JBPAS, December, 2015, 4(12), Special Issue

76


http://www.inia.es/sjar

Mohammad Hadi Rad et al

Research Article

25.

26.

27

28.

Amir R. (2009): Changes in chemical
constituents during the maturation
and ripening of two commercially
important pomegranate accessions.
Food Chemestry , 115: 965-973.

Seeram N.P., Aviram M., Zhang, Y.,
Henning S.M., Feng L., Dreher M.,
Hebr D. (2008):
antioxidant potency of commonly

Comparison of

consumed polyphenol-rich beverages
in the United States. Journal of
Agricultural and. Food Chemestry,
56:1415-1422.

Sheidai M., Khandan M., Nasre-
S. (2005): Cytogenetical
study of some Iranian pomegranate

Esfahani
(Punica granatum L.) cultivars,
Caryologia: International Journal of
Cytology.
Cytogenetics, 58(2): 132-139. To link
to this
http://dx.doi.org/10.1080/00087114.2
005.10589443

Cytosystematics  and

article:

. Shimada K., Fujikawa K., Yahara K.,

Nakamura T. (1992): Antioxidative
properties of xanthin on autoxidation
of soybean oil in cyclodextrin
emulsion. and Food
Chemistry, 40: 945-948.

Singleton V.L., Rossi J.A. (1965):

Colorimetry of total phenolics with

Agricultural

29.

30.

31.

32.

33.

phosphor molybdic phosphor tungstic
acid reagents. American Journal of
Enology and Viticult, 16: 144-158.

Stover E.D and Mercure E.W. (2007):
The Pomegranate: A new look at the
fruit of paradise.
Science, 42(5): 1088-1092.
Tatari M., Fotouhi
Ghasemnejad M., Mousavi
Tabatabaii S.Z.
Morphological and

Horticultural

Gaazvini R,
S.A,
(2011):
biochemical
characteristics of fruit in some
pomegranate cultivars in climatical
conditions of Saveh. Journal of plant
and Seed breeding in Iran, 27(1): 69-
72.
Tehranifar A., Zarei M., Nemati Z.,
Esfandiyari B., Vazifeshenas N.R.
(2010):

chemical properties and antioxidant

Investigation of physico-

activity of twenty Iranian
pomegranate (Punica granatum L.)
cultivars. Scientia Horticulture, 126:
180-185.

Wetzstein H.Y., Zhang Z., Ravid N.,
M.E. (2011):

Characterization ofattributes related

Wetzstein

to fruit size in pomegranate. Hort
Science, 46: 908-912.

Zarei M., Azizi M., Bashiri-Sadr Z.
(2010): Studies on physic —chemical

1JBPAS, December, 2015, 4(12), Special Issue

77


http://dx.doi.org/10.1080/00087114.2

Mohammad Hadi Rad et al Research Article

properties and bioactive compounds Iran. Journal of Food Technology,

8(3): 112-117.

Table 1: Effects of different soil moisture levelson fruit weight (FW), fruit volume (FV), total arils weight (TAW), peel
weight (PW), seed weight (SW), aril percentage (AP), peel percentage (PP), seed percentage (SP), peel thickness (PT),
juice weight (JW), juice percentage (JP), fruit length (FL), fruit diameter (FD), fruit length/diameter (FL/D) of
pomegranate cv. Rabab

of six pomegranate cultivars grown in

Moisture treatments

Parameter Control (100% FC) Moderate stress(75% FC) Severe stress (50% FC)
FW (g) 262.75°+37.45 196.77b+34.02 177.10%31.84
FV 262.30%+64.31 182.23"+47 44 165.40°+23.63
TAW (9) 140.63°+21.30 99.34%+21.27 91.17°+21.14
PW (g) 121.66%+25.68 97.42°+19.71 85.92°+16.36
SW (g) 16.64%+3 53 12.39°+2.36 12.38°+2.93
AP 9%) 53.33%+6.05 50.40%5.71 51.18%5.60
PP (%) 46.66°+6.05 49.59%5.71 48.82%45.60
SP (%) 6.34°+1.06 6.32°+0.78 6.91%+1.08
PT (mm) 499"+1 .24 5.37%+1.43 4.48%+1.38
JW (g) 125.93%+20.803 86.95"+19.511 78.78"+19.199
JP (%) 47.06°+5.604 44.08"+5.430 44.17°+5 205
FL (mm) 82.29%°+7.706 78.41°°+9.813 76.02°+9,554
FD (mm) 78.95%46.693 69.87°+6.850 67.97°+9.213
FL/D 1.04° +0.055 1122 +0.110 1112 +0.092

Values with the same superscript letter within each column are significant different (p<0.05). Values means are 36 fruit
from 36 trees =+ standard deviation.

Table 2. Effects of drought stress on total soluble solids (TSS), titratable acidity (TA), pH, maturity index (MI)

Moisture treatments

Parameter Control (100% FC) Moderate stress(75% FC) Severe stress (50% FC)
TSS (0Brix) 14.32°+1 551 15.30%+1 872 15.90%+2.072
pH 351°+0.234 3.50°+0.321 3.36%+0.300
TA (%) 3.75"+0.898 3.95"+1.260 5.61%+1.084
Ml 3.81%+0.843 3.87%+1.123 2.83"+0.875

Values with the same superscript letter within each column are significant different (p<0.05). Values means are 36 fruit
from 36 trees =+ standard deviation.

Table 3. Effects of drought stress on juice total anthocyanin’s (JTAS), juice total phenolic (JTP) peell total phenolic
(PTP), juice antioxidant activity (JAA) and peel antioxidant activity (PAA), of pomegranate cv. Rabab fruit

Moisture treatments

Parameter Control (100% FC) Moderate stress(75% FC) Severe stress (50% FC)
JTAS (mg/L) 1.11%+0.625 1.09°+0.791 1.02%+0.596
JTP (mg/L) 1796.48°+502.95 1886.23°+661.78 2680.12%+501.44
PTP (g/Kg) 173.43°+53.901 162.95°+57.750 173.42°+35.701
JAA (%) 27.25P+6.770 28.92°+7 671 34.46%+5.951
PAA (%) 60.59%17.010 54.04°+19.401 55.75°+16.820

Values with the same superscript letter within each column are significant different (p<0.05). Values means are 36 fruit
from 36 trees + standard deviation
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Fig 1- The consumed water in different soil moisture treatments from March to October in comparison to evaporation
basin class Ain pomegranate cv. Rabab
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