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Abstract: This investigation was carried out through two successive seasons of 2007 and 2008 on 20 years old
pomegranate trees of Manfalouty cultivar for studying the effect of different irrigation levels on vegetative
growth and fruiting. Trees under investigation were grown in a sandy soil at El-Kassasien Research Station,
Ismailia Governorate. The trees received the following five irrigation levels: 7 or 9 or 11 (control) or 13 and
15m’/tree/year. The results indicated that, the highest irrigation level of 15m’/tree/year induced vegetative
growth by increasing shoot length, number of leaves per shoot and leaf area. Also it increased number of
flowers per shoot, fruit set, fruit retention, yield and fruit cracking. Using irrigation level of 13m’/tree/year
recorded the highest water use efficiency (WUE) and gave the lowest fruit cracking. Meanwhile, using the
lowest irrigation level of 7m’/tree/year decreased shoot length, number of leaves per shoot, leaf area and yield

with increasing fruit cracking.
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INTRODUCTION

The pomegranate (Punica granatum L.) is a popular
fruit of tropical and subtropical regions, belonging to the
family punicaceae. Manfalouty is considered one of the
most important pomegranate cultivars grown successfully
in Egypt. Drip irrigation saved up to 50 -66% of water and
increased yield by 30- 40% compared to flooding irrigation
[1, 2]. Also, pomegranates are fairly drought resistant but
require normal watering to produce good fruit crops; over
watering results in soft, poorly-colored fruit. Pomegranate
trees are amenable to irrigation with saline water and the
level of salinity in water range between 1600- 2500 ppm
[3]. The amount and quality of available irrigation water of
the arid and semi- arid regions of the world such as Egypt,
are the main limiting factors for extension agriculture [4].
Therefore plant growth and development retarded when
water supply was restricted [5]. As knows, in Egypt the
pomegranate is irrigated by flood irrigation system.
Regardless pomegranate trees can be developed under
drought stress, the saving water uses became very
national emergency and it must be convert the type of
irrigation system from flood irrigation system to drip
irrigation.

However, very little is known about pomegranate
orchard water management. Water use for this crop is for
instance not listed in FAO water use book by Allen et al.
[6]. However, it can be speculated that, crop water
requirements can be high based on information provided
in horticultural pomegranate review by Holland et al. [7].
There were a little information about water use of
pomegranate trees in relation to growth and productivity.
Therefore, this experiment was designed to determine
relatively the actual water need for irrigation pomegranate
orchards under drip irrigation system that gave
satisfactory growth and yield.

MATERIALS AND METHODS

This experiment was conducted during two
successive seasons of 2007 and 2008 on 20 year old
mature pomegranate trees (Punica granatum L.) of
Manfalouty cultivar. Trees under investigation were
grown in a sandy soil at El- Kassasien Research Station,
Ismailia Governorate. Trees distances were of 5 meters
between trees and between lines. Trees received the
recommended  horticulture management of the
Horticultural Research Institute (H.R.1.).

Correspoding Athor: Magda M. Khattab, Department of Pomology Faculty of Agriculture, Cairo University, Giza, Egypt.



J. Hort. Sci. & Ornamen. Plants, 3 (2): 194-198, 2011

Uniform fifteen trees were selected randomly where
the experiment included five irrigation levels: 7 or 9 or 11
(control) or 13 and 15m’/tree/year. Each treatment was
replicated three times with one tree for each replicate and
the randomized complete blocks design was used. The
daily amount of irrigation water as liters per tree for
each treatment in 2007 and 2008 seasons are shown in
Table (1).

The Following Parameters Were Determined

Length of the New Developed Shoots (¢cm): Ten shoots of
one year old in the four directions points (East- West-
North and South) were tagged for measuring new
developed shoots length at the end of growing season in
September.

Number of Leaves per Shoot: Leaves developed on the
new shoots were also counted at the end of growing
season in September.

Leaf Area (cm®): Was determined by using the leaf area
meter CL203.

Number of Flowers per Shoot: Was counted at balloon
stage.

Fruit Set (%): Pomegranate has two types of flowers
(perfect and male flower). Male flower dropped after
opening immediately. At balloon stage the total number of
flowers was counted then the number of set fruits was
counted two weeks after full bloom. Fruit set % was
calculated according to the formula: Fruit set %
number of set fruits / total number of flowers (balloon
stage) X 100

Fruit Drop (%): Was calculated by the following
equation:

Total number of fruit set -
Total number of fruits at harvest time
Total number of fruit set

Fruit drop % = X 100

Fruit Retention (%): Was determined by counting the
number of fruits at harvest time / initial number of fruit set
X 100.

Yield per Tree: Fruits were picked at September 15" in
both seasons according to El-Kassas [8] and Abou El-
Wafa [9]. Therefore, at harvest time, fruits per tree for
each treatment were picked, counted and weighted and
then average yield/tree as kg was estimated.
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Table 1: Distribution of the irrigation water (L/day/tree) through the two

seasons of study (2007 and 2008)

Month (2007 and 2008)

Treatments Mar. Apr. May Jun Jul. Aug. Sep. Oct. Nov.
7m’/tree/season 4 10 28 50 50 50 28 10 4
9m’/tree/season 6 15 40 60 60 60 40 15 6
11m’/tree/season 8 21 50 70 70 70 50 22 8
13m’/tree/season 12 26 60 80 80 80 60 26 10
15m’/tree/season 14 30 65 95 95 95 65 30 12

Water Use Efficiency (kg/m*® Water): It was calculated as
water quantity in each treatment divided on the obtained
yield as described by Hussein [10].

The obtained data were tabulated and statistically
analyzed according to Snedecor and Cochran [11].
Differences between means were compared by Duncan's
multiple range test at 5% level of probability according to
Duncan [12].

RESULTS AND DISCUSSION

Vegetative Growth: Shoot length, number of leaves per
shoot and leaf area were affected by irrigation treatments
as shown in Table (2).

Concerning shoot length the control
(11m’/tree/season) displayed significantly an intermediate
values in comparison to the other treatments throughout
the measurement period of the two seasons. Differences
between the other four treatments were significant.
Shoots increased in length as irrigation water applications
increased. The higher water irrigation levels than the
control (13m’ and 15m’) indicating an induction in
shoot length and exhibited significantly higher shoot
in length.

farm

Table 2: Effect of irrigation levels on some vegetative growth parameters of
pomegranate cv. Manfalouty in 2007 and 2008 seasons

Irrigation levels Shoot Leaf Leaf area
(m®/tree/season) length (cm) number/ shoot (cm?)
2007 season

Tm? 20.77 e 20.00 e 491e
9m? 22.70d 21.03d 5.36d
11m? (control) 25.07 ¢ 22.80¢ 5.77c¢
13m? 28.83b 24470 6.68 b
15m? 3023 a 2583 a 713 a
2008 season

Tm? 18.92¢ 18.61e 445d
9m? 20.89d 20.09d 538¢
11m? (control) 23.96 ¢ 22.09 ¢ 5.60 ¢
13m? 27.12b 23.59b 6.37b
15m? 29.76 a 2531 a 691 a

Means designated with the same letter in the same column are not
significantly different at 0.05 level of probability
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Number of leaves increased as irrigation water
applied increased and declined with decreasing amounts
of irrigation water applied. With the lowest irrigation water
applications among all treatments (7m’/tree/season)
number of leaves decline became most pronounced
(20.00, 18.61) in the two seasons respectively. In contrast,
the farm control (11m’/tree/season) recorded a higher
average number of leaves (22.80, 22.09) in both seasons.
There was a great effect of irrigation water supply on
number of leaves per tree in the 15m’ treatment during
both seasons (25.83, 25, 31) indicating that, water was
limiting. The number of leaves was reduced due to little
vegetative growth that resulted from reducing irrigation
practices. The significantly highest number of leaves per
shoot was recorded in the longest shoots in contrast to
the other treatments, while the relative number of leaves
per terminal shoot tended to be lower in shoots shorter in
length with reducing irrigation practices.

Regarding leaf area results indicated that low level
irrigation water application considerably reduced leaf area
in both seasons. Leaf area decreased significantly by 7.10
and 14.9% in the first season with irrigation levels 7 and
9m’/tree/season. In contrast, during the second season
the control and treatment 9m’ were not significantly
different from each other. In the irrigation level 7m’ leaf
area was reduced significantly by 20.52% comparing to
the control 11m’. The highest leaf area increased by
23.57- 23.39% with irrigation level at 15m® followed by
13m® (15.77 and 13.75%) across both seasons. With the
15m’ irrigation level leaf area increased by 45.21 and
55.28% comparing to 7m’ with increasing amount of water
by 8m’.

Generally, increasing irrigation levels from 7 to
15m’/tree/ season induced vegetative growth of
pomegranate by increasing shoot length, number of
leaves per shoot and leaf area. These could be explained
that, water stress decrease in the cytokinin transport from
root to shoots and increase in amount of leaf abscisic
acid. These changes in hormone balance cause reduction
in shoot growth and enlargement and leaf expansion [13].
Also, reduction in tree growth under water stress
condition could be attributed to lower photosynthetic rate
and stomatal conductance [14]. Our results are in harmony
with the conclusion given by Abo-Taleb et al. [15] and
Abou El-Wafa [16] who noticed that, stem length, number
of leaves and leaf area was the greatest when
pomegranate transplants were growing under lower water
stress. Also, with Ibrahim and Abd El-Samad [17] who
revealed that shoot length of pomegranate significantly
affected by irrigation regimes.
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Fruiting: Number of flowers per shoot was reduced
significantly with declining applications of irrigation
water. The treatment 7m’ exhibited the highest reductions
among all treatments, the data in Table 3 indicating
that, with this irrigation treatment, declining yields
can be expected, although the most water was saved in
this  treatment. Increasing irrigation level to
15m’/tree/season recorded the highest significant
number of flowers (4.10- 3.63) this number decreased
to 3.70 and 3.44 by decreasing irrigation level to 13m’.
Irrigation levels 11m’ exhibited the moderate number of
flowers (3.33- 3.17). While, reducing irrigation treatment to
9m’, the number of flowers (3.20- 2.97) decreased in both
seasons.

The increasing in fruit set (%) was associated with
increasing  rate of irrigation during two seasons.
Reducing application of irrigation levels than the used
farm control 11m’ which displayed moderate values
(28.98 and 27.36%), fruit set was decreased significantly
to 26.96, 25.94 and 23.27, 21.81% with both irrigation
treatments 9 and 7m’/tree/season (Table, 3). By raising
irrigation levels than farm control (11m’) to 13 and
15m’/tree/season, fruit set increased significantly to
31.52, 30.13 and 33.40, 32.10% in both seasons
respectively. The application of irrigation level at 15m’
increased average fruit set in both seasons from 22.54%
to 32.75% compared to the lowest irrigation level 7m’
when increasing water quantity by 8m’.

As for fruit retention (%) the irrigation level at 15
m’/tree/season recorded the highest fruit retention
percentage (91.25 and 90.91%) and decreased it to
88.26 and 88.31% by 13m’ treatment while, with reducing
irrigation levels from 11m’ to 9 then 7m’, fruit retention
percentage reduced from 86.31- 85.48% with control (11m”)
to 85.23, 84.18 and 82.85, 82.12% with both irrigation
treatments 9 and 7m’ respectively across both seasons
(Table, 3).

The highest significant fruit drop percentage
(17.15 and 17.88%) took place with the lowest
irrigation rate (7m’/tree/ season) followed by 9m’
(14.77 and 15.82%). While, the lowest significant
fruit drop (8.75 and 9.09%) was resulted from trees
which irrigated with 15m’/tree/season then 13m’
(11.74 and 11.69%) compared with the control 11m’
which recorded 13.69 and 14.52% (Table, 3).
Comparing between the highest and lowest irrigation
levels, 15m’ gave the lowest fruit drop percentage
(8.75 and 9.09%) while 7m’ exhibited the highest fruit
drop percentage (17.15 and 17.88%) in both seasons
respectively.
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Table 3: Effect of irrigation levels on flowering and fruiting attributes of

pomegranate cv. Manfalouty in 2007 and 2008 seasons

Irrigation levels ~ Number of Fruit set  Fruit Fruit
(m’/tree/season)  flowers/ shoot (%) retention (%)  drop (%)
2007 season

Tm? 2.70d 2327e 82.85d 17.15a
9m? 320c¢ 26.96 d 8523 ¢ 14.77b
11m? (control) 333¢c 2898 ¢ 86.31 ¢ 13.69b
13m? 3.70b 31.52b 88.26 b 11.74 ¢
15m? 4.10a 3340a 91.25a 8.75d
2008 season

Tm? 2.76¢ 21.81e 82.12¢ 17.88 a
9m? 297d 25.94d 84.18d 15.82b
11m? (control) 3.17¢ 27.36¢ 85.48 ¢ 1452 ¢
13m? 3440 30.13b 88.31b 11.69d
15m? 3.63a 32.10a 9091 a 9.09¢

Means designated with the same letter in the same column are not

significantly different at 0.05 level of probability

Table 4: Effect of irrigation levels on number of fruits /tree, yield, fruit
cracking and water use efficiency of pomegranate cv. Manfalouty in
2007 and 2008 seasons

Irrigation levels  Number of  Yield Fruit WUE
(m/tree/season)  fruits /tree (kg/tree)  cracking (%) (kg/m’ water)
2007 season

Tm? 88.67 ¢ 2047e¢ 8.58a 292¢
9m? 102.0d 25.61d 727c¢ 2.85¢
11m? (control) 1133 ¢ 3387¢  6.85d 3.08b
13m? 130.0b 41.83b 6.02¢ 322a
15m? 1353 a 448la 7930 2.98 be
2008 season

Tm? 81.00 ¢ 17.41e 899a 2.49d
9m? 93.00d 22.86d 822c¢ 2.54cd
11m? (control) 101.7 ¢ 29.20 ¢ 6.72 d 2.65 be
13m? 1233 b 37.84b  6.09¢ 291a
15m? 126.7 a 40.09a 8.65b 2.67b

Means designated with the same letter(s) in the same column are not

significantly different at 0.05 level of probability

Number of fruits per tree increased significantly with
increasing irrigation levels as it increased by 14.70, 21.23
and 19.42, 24.58% when irrigation amount increased
from 11m’ to 13 and 15m’ in both seasons respectively
(Table, 4). Farm control (11m°) displayed significantly an
intermediate number of fruits in comparison to the other
treatments throughout the two seasons. On the other
hand, by reducing irrigation rates to 9 then 7
m’/tree/season, the number of fruits decreased by 9.97-
8.55 and 21.74- 20.35% in both seasons respectively.

Yield (kg/tree) was significantly affected by different
irrigation treatments (Table, 4). The farm control (11m?)
displayed significantly an intermediate yield (33.87 and
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29.20 kg) in comparison to the other treatments in both
seasons. Yield of 9 and 7m’ treatments declined from
24.39 to 21.71 and from 40.37 to 39.56 % respectively
during two seasons. Increasing irrigation levels from
11m*® to 13 and 15m’increased the yield from 23.50 to
29.59 and 32.29 to 37.29 % respectively. By increasing
irrigation levels from 7 to 15m’ the average yield in both
seasons increased from 18.94 to 42.45kg. Doubling the
yield needed an increase the amount of irrigation levels
by about 8m’.

According to fruit cracking, the lowest significant
fruit cracking percentage (6.02 and 6.09%) resulted from
trees received irrigation at 13m’ sequenced by 11m’
(control farm) (6.85 and 6.72 %) and 9m’ (7.27 and 8.22%)
then 15m’ (7.93 and 8.65%)). Finally, the highest significant
fruit cracking percentage was appeared with irrigation
treatment 7m’ (8.58 and 8.99%) during 2007 and 2008
seasons respectively.

These results are in line with those reported by Abd
El-Rhman [18] who found that, by increasing soil moisture
level, fruit cracking of Manfalouty pomegranate
decreased. It can be illustrated that, increasing fruit
cracking with declining irrigation water application may be
due to these fruits was taken from trees which grow under
water stress. Also he noticed that, the highest yield was
resulted with the highest moisture availability meanwhile,
the lowest number of fruits was observed by least
irrigation level. Moreover, El-Khoreiby and Salem [19] on
guava indicated that, sufficient soil moisture gave the
highest percentage of fruit set and fruit retention while
reduction of soil moisture had resulted in marked decrease
in fruit retention percentage.

Water Use Efficiency (kg/m’ Water): Water use
efficiency (WUE) is defined by the ratio between the crop
and the amount of water consumed by crop. The WUE
indicator defined by that ratio is useful to identify the best
irrigation scheduling [20]. As a general trend Table 4
indicated that, the highest significant WUE (3.22 and 2.91
kg/ m® water) in both seasons was found in trees grown
under irrigation level at 13mY/tree/season. The values
decreased with either decreasing or increasing water
quantity than 13m’/tree/season. Whereas, both the least
irrigation levels 7m® and 9m’ had the lowest significant
WUE while, 11m’ and 15m*® exhibited middle significant
affect in both seasons. Our results represented that,
13m’/tree/season gave the maximum benefit for using
irrigation water. The same results referred that receiving
more frequent irrigation had greater water use than trees
receiving less frequent irrigation under similar climatic
conditions [21-23].
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