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Abstract: This experiment was carried out in two successive seasons 2007 and 2008 on 20 years old of
Manfalouty pomegranate (Punica granatum. L) trees gown at El-Kassasien Research Station,
Ismailia Governorate in sandy soil under drip irrigation system. The experiment involved the following five
treatments: 7, 9, 11 (farm control), 13 or 15 m’/tree/season. Fruit length, diameter and volume increased
significantly with increasing irrigation level. Fruit weight increased by increasing the irrigation level from 13 to
15m’/tree/season respectively and the opposite would be expected by both lower treatments 9 and 7m’ whereas,
fruit weight was lower than the farm control. Irrigation level at 13m’ gave the higher significant fruit juice and
fruit grain percentage compared to farm control. Peel thickness, fruit peel and fruit firmness decreased by
increasing amount of water. By increasing irrigation levels TSS decreased as the least irrigation treatment
7m’/tree/season gave the highest TSS. On the other side, the lowest TSS was achieved by highest irrigation
rate 15m*/tree/season. Fruit acidity decreased significantly by increasing irrigation treatments from 7m’ to
13m’/tree/season. Also, a slight raise in acidity was observed by increasing irrigation rate to 15m’/tree/season
as well as farm control (11m’) displayed an intermediate values over both seasons. Irrigation treatments at 13m’
showed the highest significant ratio between TSS and acidity, sequenced by 15 m’ treatments. The moderate
TSS/acid ratio was resulted from farm control (11m®). Total sugars, V.C. and total anthocyanin gradually
decreased by increasing irrigation levels where the least irrigation treatment (7m’/tree/season) gave the highest
values.
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INTRODUCTION good fruit crops; over watering results in soft,

poorly-colored fruit. EI-Kassas [3] found that, the TSS,

Pomegranates can tolerate long periods of drought
once the plant is established. However, good water
management is important in order to produce large,
desirable fruit. Drought conditions will produce a small
crop of poor quality fruit or no fruit at all. Pomegranate is
widely distributed in the tropical and subtropical regions
of the world, even if its importance in the world-wide trade
is still very limited. Its high adaptability to versatile
conditions especially to stress conditions make it a
favourable fruit for marginal land [1, 2]. There are many
local cultivars in Egypt such as Manfalouty, Wardy,
Nab El-Gamal, El-Araby and recently foreign cultivar like
wonderfull, which was entered in Egypt. Manfalouty is
considered one of most important pomegranate cultivars
grown successfully in Egypt. Pomegranates are fairly
drought resistant but require normal watering to produce

TSS/acid ratio and ascorbic acid decreased by increasing
soil moisture level, while, total acidity, total sugar,
grain and juice percentage of Manfalouty pomegranate
fruit increased by increasing soil moisture level.
Lawand and Patil [4] on pomegranate cv. Maskat found
that, the highest fruit TSS and fruit acidity values were
recorded with lowest water regime. Meanwhile, the lowest
TSS and fruit acidity values were recorded at
the highest water regime. Increasing duration of water
withholding from one to two and three weeks before
maturation caused a gradual increase in percentage
of sugar content and fruit peel in pomegranate
fruits [5]. Also, Ibrahim and Abd El-Samad [6]
cleared that, the biggest fruit weight of
pomegranate was observed on trees of higher irrigation
treatments.
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The present study was undertaken to determine the
effect of different irrigation levels on fruit quality of
Manfalouty pomegranate cultivar.

MATERIALS AND METHODS

This experiment was conducted during 2007 and
2008 seasons on 20 years old pomegranate cv.
Manfalouty (Punica granatum. L) trees grown in a sandy
soil under drip irrigation system. Trees were planted at
five meters apart at El-Kassasien Research Station,
Ismailia Governorate. Trees received the normal cultural
practices the of
Horticultural Research Institute, Ministry of Agriculture,
Egypt. Uniform fifteen trees were selected randomly where
the experiment included five irrigation levels: 7 or 9 or 11

according to recommendation

(farm control) or 13 and 15m’/tree/season. Each treatment
was replicated three times with one tree for each replicate
and the randomized complete blocks design was used.

Representative random samples of 9 fruits were taken
of each tree (replicate) at harvest for determine the
following physical and chemical properties.

Fruit Physical Properties: Fruit dimensions (cm)
(fruit length and diameter were measured by using venire
caliper 150 x 0.02mm), fruit volume (cm’), fruit weight (g),
fruit grain (%), fruit juice (%), fruit peel (%), peel thickness
(cm) and fruit firmness (Magness-Taylor type pressure
tester, has a standard 5/16 of inch pruner was used to
determine fruit firmness which recorded in 1b/inch?).

Fruit Chemical Properties: Juice Total Soluble Solids
(TSS) was determined by wusing hand Carl Zeis
refractometer. Titrateable Acidity was determined as
percentage of anhydrous citric acid by direct titrating of
0.1 N sodium hydroxide using phenolphthalein 1% as an
indicator [7]. TSS/ acid ratio was calculated by dividing
the value of TSS over the value of titrateable acidity.
Vitamin C content (mg L-ascorbic acid / 100ml juice) was
determined by using direct titrating of 2,6-dichlorophenol
indophenol [7]. Total Sugars (%) were determined
colorimetrically (phenol 80%) in fresh weight according to
Dubois et al. [8]. Total anthocyanin (%) was determined
by spectrophotometer as described by Hsia et al. [9].
The obtained data were tabulated and statistically
analyzed according to Snedecor and Cochran [10].
Differences between means were compared by Duncan's
multiple range test at 5% level of probability according to
Duncan [11].
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RESULTS AND DISCUSSION

Fruit Physical Properties

Fruit Dimensions: Fruit length and diameter increased
significantly in both seasons with increasing irrigation
level (Table 1). Whereas, the biggest significant fruit
length and diameter were produced from trees irrigated
with the highest level (15m*/tree/season), meanwhile the
smallest fruits were significantly resulted from the least
irrigation level (7 mtree/season). Irrigation level
1 Im’/tree/season represented an intermediate between 7
and 15m’. These results are in line with those obtained by
El-Khoreiby and Salem [12] on guava, Abd El-Samad [13]
on olive, Abd El-Moteleb [14] and Kandil and El-Feky [15]
on apricot they declared that, as irrigation level increased
both fruit length and diameter significantly increased.

Fruit Volume: Fruit volume increased significantly as
irrigation rate increased (Table 1). The greatest significant
fruit volume was recorded with trees irrigated by
15m’/tree/year and decreased significantly with 13m
treatment. Farm control (11m’) gave the middle fruit
volume followed by 9m’ meanwhile the smallest
significant fruit volume was recorded by the least
irrigation rate (7 m’/tree/season) in both seasons. In the
other word, the average fruit volume in both seasons
increased by 42.52% with increasing irrigation rate from 7
to 15m’/tree/season. These results are in harmony with
those reported by Hussein [16] on pear, Ibrahim [17] on
mango and Ali [18] on peach they found that, fruit size
was gradually decreased parallel to the decrease of
irrigation water.

Table 1: Effect of irrigation levels on fruit length, fruit diameter and fruit
volume of pomegranate cv. Manfalouty in 2007 and 2008 seasons
Irrigation levels Fruit Fruit Fruit
(m®/tree/season) Length (cm) diameter (cm) volume (cm?)
2007 season
7m? 791d 7.14d 264.0 ¢
9m? 8.26 ¢ 7.57¢ 285.3d
11m? (control) 8.94b 8.27b 337.0c
13m? 9.47a 8.53 ab 354.7b
15m? 9.63a 8.83a 3757 a
2008 season
Tm? 7.64¢ 6.85¢ 248.7 e
9m? 8.07d 7.09d 274.7d
11m? (control) 8.56 ¢ 7.62 ¢ 3184 ¢
13m? 9.17b 8.12b 336.0b
15m? 9.47a 8.56a 355.0a

Values followed by the same letter (s) in each column are not statistically
differed at 5% level
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Table 2: Effect of irrigation levels on fruit weight, fruit grain and fruit juice

of pomegranate cv. Manfalouty fruits in 2007 and 2008 seasons

Irrigation levels Fruit Fruit Fruit
(m®/tree/season) weight (g) grain (%) juice (%)
2007 season

Tm? 230.86¢ 49.60 e 3350
9m? 251.08d 55.13d 36.30d
11m? (control) 298.94 ¢ 58.77 ¢ 40.60 ¢
13m? 321.03b 62.53b 4429 a
15m? 331.19a 65.13 a 42.99b
2008 season

Tm? 21494 ¢ 57.45¢ 35.00d
9m? 245.81d 59.43d 36.00d
11m? (control) 287.12 ¢ 61.07 ¢ 39.63 ¢
13m? 306.89 b 63.15b 46.50 a
15m? 31642 a 65.46 a 45260

Values followed by the same letter (s) in each column are not statistically
differed at 5% level

Fruit Weight (g): Fruit weight was influenced
significantly by irrigation levels during both seasons of
study (Table 2). Comparing the farm control (11m’),
fruit weight increased by increasing the irrigation level
from 13 to 15m’ respectively. The opposite would be
expected by both lower treatments 9 and 7m’ whereas,
fruit weight was lower than the farm control in both
seasons. These results are in agreement with Ibrahim and
Abd El-Samad [6] and Abd El-Rhman [19] who cleared
that, the biggest fruit weight of pomegranate was
observed on trees of higher irrigation treatments.

Fruit Grain (%): Fruit grain percentage increased
significantly with increasing irrigation level (Table 2).
Both treatments 13 and 15m’ gave higher significant fruit
grain in both seasons compared to farm control (11m”)
which gave the middle fruit grain percentage. The lower
level of irrigation 9 then 7m’ decreased significant this
trait. In this sphere EI-Kassas [3] and Abd El-Rhman [19]
reported that, the fruit grain percentage of Manfalouty
pomegranate increased by increasing soil moisture level.

Fruit Juice (%): Fruit juice percentage significantly
increased with increasing irrigation levels (Table 2).
There were significant differences occurred between
irrigation water applied in both seasons except between
both lower irrigation levels in the second season.
Irrigation level at 13m® gave the highest significant fruit
juice percentage followed by 15, 11 and 9 meanwhile,
7 m’/tree/season recorded the lowest significant value of
fruit juice. Similar results were reported by EI-Kassas [3]
and Lawand and Patil [4] and Abd El-Rhman [19] they
found that, the percentage of pomegranate fruit juice
increased by increasing soil moisture level.
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Table 3:  Effect of irrigation levels on fruit peel, peel thickness and fruit
firmness of pomegranate cv. Manfalouty fruits in 2007 and 2008

seasons

Irrigation levels Fruit Peel Fruit
(m®/tree/season) peel (%) thickness (cm) firmenss (Ib/inch?)
2007 season

Tm? 50.40 a 0.56 a 2593 a
9m? 44.87b 0.54a 25.59a
11m? (control) 41.23 ¢ 0.53a 23.76 b
13m? 37.47d 0.49b 22.88 be
15m? 3487 ¢ 0.45b 22.66 ¢
2008 season

7m? 42.55a 044 a 26.11a
9m? 40.57b 0.41 ab 2581 a
11m? (control) 38.93 ¢ 0.39 ab 24.35b
13m? 36.85d 037b 2344 c
15m? 3454 ¢ 0.36b 23.14 ¢

Values followed by the same letter (s) in each column are not statistically
differed at 5% level

Fruit Peel (%): The highest significant fruit peel in Table
3 was obtained by irrigation at 7m’/tree/season followed
by 9m’/tree/ season then 11m’/tree/season. Meanwhile,
with 13m’ treatment fruit peel was reduced finally,
the lowest significant fruit peel was obtained with highest
irrigation rate 15m’/tree/season. These results are in
agreement with El-Khawaga et al. [5] who found that,
increasing duration of water withholding from one to three
weeks before maturation caused a gradual increase in
percentage of fruit peel.

Peel Thickness (cm): As shown in Table 3 peel thickness
increased due to decreasing amount of water in the first
and second seasons. The highest peel thickness was
obtained with the least irrigation treatments where the
differences between them were insignificant in both
seasons, whereas the lowest peel thickness was
found with the highest irrigation treatments
(13 and 15m’/tree/season). These results are in line with
El-Gazzar et al. [20]; Chartzoulakis ef al. [21] on orange
and Halder et al. [22] on Pomelo citrus as they indicated
that, tree grown under dried treatment yielded fruits with
significantly thicker peel.

Fruit Firmness (Ib/inch®): Fruit firmness decreased by
increasing amount of water and the farm control (11m’)
treatment gave moderate fruit firmness. No significant
difference was occurs between both treatments 13 and
15m’ which had the lowest values. Trees that received the
lowest irrigation rate 7m’ and 9 m’ gave the highest fruit
firmness in both seasons without any significant
difference between each others. These results are in
harmony with Ali [18] on peach, Kandil and El-Feky [15]
on apricot and Mikhael and Mady [23] on apple.
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Table 4: Effect of irrigation levels on TSS, total acidity and TSS/ acid

ratio of Manfalouty pomegranate fruits in 2007 and 2008 seasons

Irrigation levels

(m®/tree/season) TSS (Brix®) Total acidity (%) TSS /acid ratio
2007 season

Tm? 16.50 a 2.03a 8.13d
9m? 1633 a 1.78 b 9.17¢
11m? (control) 16.33 a 1.73b 944 c
13m? 16.17 a 1.39d 11.63 a
15m? 16.17 a 1.51¢ 10.71b
2008 season

Tm? 16.17 a 2.16a 7.49d
9m? 16.17 a 1.96 b 8.25¢
11m? (control) 16.00 ab 1.64 ¢ 9.76 b
13m? 15.83 ab 143 e 11.07 a
15m? 15.67b 1.58d 9.92b

Values followed by the same letter (s) in each column are not statistically
differed at 5% level

Fruit Chemical Properties

Total Soluble Solids Content (TSS): Total soluble solids
content showed no significant differences under irrigation
treatments throughout two seasons except between the
lowest irrigation (7m’/tree/season) and the highest
irrigation (15m’/tree/season) in the second season only
(Table 4). But results of TSS showed that, by increasing
irrigation rates TSS decreased. As the least irrigation
treatment 7m’/tree/season gave the highest TSS. On the
other side, the lowest TSS was achieved by highest
irrigation rate 15m’ in both seasons. Similar result was
showed by Ali et al. [24] on apple, Hussein [16] on pear
and Abd El-Samad [25] on guava they concluded that,
fruit produced on trees under irrigation at low rate
contained more soluble solids than those under moderate
or excess irrigation treatments.

Total Acidity (%): First and second seasons results as
shown in Table 4 indicated that, total acidity (%) of fruits
was decreased significantly by increasing irrigation
treatments from 7m’ to 13m’/tree/season. Also, a slight
raise in acidity was observed by increasing irrigation rate
to 15m’/tree/season as well as farm control (11m’)
displayed an intermediate values over both seasons.
It was also stated by Lawand and Patil [4] and Shailendra
and Agrawal [26] on pomegranate that, the lowest fruit
acidity was recorded by highest irrigation rate.

TSS/acid Ratio: Fruit quality is mainly affected by TSS of
fruit juice as well as total acidity. Therefore, TSS/ acid
ratio can truly express the fruit quality indices. Data in
Table 4 appear that, irrigation treatments at 13m’ showed
the highest significant ratio between TSS and acidity,
sequenced by 15 m’ treatments. The moderate TSS/acid
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Table 5: Effect of irrigation levels on total sugars, vitamin C and total
anthocyanin of Manfalouty pomegranate fruits in 2007 and 2008
seasons

Irrigation levels Total Vitamin © Total

(m’/tree/season)  sugars (%) (mg. / 100 ml juice)  anthocyanin (%)
2007 season

Tm? 14.80 a 17.13 a 582a
9m? 1435b 16.52b 5.16 b
11m? (control) 14.00 be 1593 ¢ 495b
13m? 13.73 cd 1531d 448 c¢c
15m? 13.44d 14.80 e 4.01d
2008 season

Tm? 1498 a 1637 a 7.66 a
9m? 14.57b 15.80b 691b
11m? (control) 1424 ¢ 15.12 ¢ 6.77b
13m? 13.65d 14.77d 6.29¢
15m? 13.40d 1422 ¢ 6.05d

Values followed by the same letter (s) in each column are not statistically
differed at 5% level

ratio was resulted from farm control (11m?). These results
are in harmony with Abou-Aziz et al. [27] on Manfalouty
pomegranate they found that, lower TSS/acid was
observed under lowest irrigation treatment.

Total Sugars (%): By increasing irrigation level the
total sugars (%) decreased (Table 5). In these sphere,
the lowest irrigation level (7 mY/tree/season) had the
highest significant total sugars followed by the level 9m’
then farm control 11m’. Meanwhile, differences between
13 and 15m’/tree/season were less pronounced and not
consistently significant in both seasons. These results are
in line with Ibrahim [17] on mango and El-Khawaga et al.
[5] on pomegranate, they pointed that trees exposed to
reduced soil water availability had higher concentration of
sugars.

Vitamin C Content (V.C): With increasing amount of
irrigation water applied the V.C. content gradually
decreased significantly (Table 5). The maximum V.C
content was resulted from trees which irrigated with
7m’/tree/season then it decreased with 9m’/tree/season.
The farm control 11m* had the middle V.C content in both
seasons. While, the V.C content decreased significantly
when the amount of irrigation water increased than farm
control to 13 or 15m’ respectively. High vitamin C content
may serve as a protective strategy against drought injury
[28]. This result was confirmed by EI-Kassas [3] on
Manfalouty pomegranate that, ascorbic acid decreased by
increasing soil moisture.

Total Anthocyanin (%): Total anthocyanin content
decreased by increasing irrigation levels where the least
irrigation treatment (7m’) gave the highest significant total
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anthocyanin content. Irrigation levels above farm control
(13 and 15m*) had the lowest total anthocyanin content in
both seasons. However, water stress enhances secondary
metabolism in particular anthocyanin biosynthesis as part
of stress response [29]. These results are in parallel to
those reported by EI-Gendy [30] on grape who found that,
the negative effect of applied water on skin color with
special reference to anthocyanin content was parallel to
the amount of irrigation water. The berries of cluster
which received highest irrigation rate significantly
contained the least content of anthocyanin. In this line,
Abd El-Moteleb [14] on apple trees showed that,
anthocyanin concentration was higher with drought
treatment.
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