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Physiological Studies on Cracking Phenomena of Pomegranates

I.E. Abd El-Rhman

Desert research center.Min.of Agric. and land Reclamation, Egypt.

Abstract: The effect of controlled irrigation, bagging, spraying with zinc sulphate (ZnSo4) at 1% and
kaolin spray at6% were studied on fruit cracking of Manfaluty pomegranate, yield per tree and fruit
quality. All studied treatments (controlled irrigation, bagging, zinc sulphate and kaolin) were effective in
reducing the percentage of fruit cracking during 2007 and 2008 seasons. The minimum cracking values
were obtained by using the controlled irrigation combined with zinc sulphate (ZnSo4) spray at 1% and
controlled irrigation with kaolin spray at 6%in both seasons. Meanwhile yield / tree (kg) was not affected
but seeds% (grains)/fruit weight and acidity percentage  were reduced significantly when trees were treated
with controlled irrigation, bagging, zinc sulphate and kaolin sprays. Total soluble solids, total sugar and
reducing sugars, moisture percentage of peel and seeds and other physical and chemical measurements
were increased as influenced by foliar spraying with all treatments in both studied seasons. 
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INTODUCTION

Pomegranate (Punica granatum) belongs to the
punicace family and is one of the oldest known edible
fruits. It is sometimes could Chinese apple, and has
been cultivated extensively in Mediterranean conditions.
Pomegranate is widely distributed in the tropical and
subtropical regions of the world. It is a known fact that
some fruits crack during the latter period of growth.
Cracking causes a major fruits loss, which is a serious
commercial loss to farmers. Fruit cracking, seems to be
a problem that lessens the marketability to a great
extent.

Manfaluty pomegranate is the most important
cultivar in Egypt. The pomegranate area of Egypt was
estimated to be about (90,000) Fadden (FAO, Statistics
2008). Fruit cracking is one of the physiological
disorders wherever pomegranate trees are grown. It
may be due to moisture imbalances as this fruit is very
sensitive to variation in soil moisture prolonged drought
causes hardening of peel and if this is followed by
heavy irrigation the pulp grows then peel grows and
cracks. Zinc plays an important role in regulating
absorption of water by plant roots[1]. Application of
macro nutrients such as 1%MgSO4 and 1%KNO3

reduced fruit cracking in pomegranate fruits with
regular irrigation at weekly intervals[2]. Soil application
with ZnSo4 reduced the percentage of splitting
pomegranate fruit tree, meanwhile increased fruit yield
per tree and juice acidity reduced TSS and reducing
sugars but did not reduced peel thickness as compared
with the untreated (control) [3].

Kaolin has recently been utilized in the
development of hydrophilic particle film technology.
This technology uses chemically inter ,non – toxic
mineral particles coat plant surfaces[4]. It has potential
benefits for the pome fruits industry and has been
found to reduce sunburn and improved fruit size  and
fruit color[5]. Drip irrigation at 8L.-1-3h/day increased
the yield from 17.7kg/tree (control) to 28.2kg/tree, with
a consideredable reduction in cracking[6]. Bagging could
clearly improve rind finish-the brown path area of the
rind of cv.Tiepiqing could be reduced by 10-85%with
different kinds of bags and percentage of fruit cracking
could be reduced by 2-3%[7]. Fruit cracking as a
preharvest disorder which may result from the
fluctuation of soil moisture and relative humidity, dry
wind, rain or heavy irrigation following a dry spell and
states that the potential to develop crack resistant
varieties still exit[8]. This experiment was designed to
determine physiological studies on the cracking
phenomenal on pomegranate fruits.

MATERIAL AND METHODS

This study was carried out in EL-Magara Station
in the middle Sinai – Egypt during 2007 and 2008
seasons on 10-years old Manfaluty pomegranate trees
grown in sand soil. The trees were planted at 3x3m
and the normal irrigation frequency practiced was
twice/week.

Sixteen trees nearly uniform in shape and size and
received the same horticultural management including
the control .This experiment was designed as a
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completely randomized block design with three
replicates and each replicate was represented by two
tree, the irrigation treatments were carried every two
days from beginning  season to end in both studied
seasons. Zinc sulphate and kaolin was applied as a
foliar application sprays in 1st June as well as bagging
treatments. All treatments were carried out in the first
week of June in both seasons.

 The experiment involved the following ten
treatments.

1-Control (sprayed with tap water alone).
2-Irrigation every two days.
3- Fruit bagging with paper bags.
4-Zinc sulphate (ZnSo4) at1%.
5-Kaolin at 6%.
6- Irrigation every two days+ bagging with paper
bags.
7- Irrigation every two days+ Zinc sulphate
(ZnSo4) at1%.
8- Irrigation every two days+ Kaolin at 6%.
9- Bagging with paper bags+ Zinc sulphate
(ZnSo4) at1%.
10- Bagging with paper bags+ Kaolin at 6%.
Fruit samples were taken from all trees in both

seasons from fruit setting to harvest date. All fruit
samples were taken every two week for detecting the
fruit growth curve (length and diameter).In additioin,
from June to harvesting date, samples were used to
determine the fruit fresh weight, moisture content in
peel and seeds or grains as a (%). At the harvest time
the number of fruits per tree in each treatment was
counted and the percentage of cracked fruits was
recorded, also the fruit yield (kg) per tree was
calculated. Ten normal fruits was taken from each tree
in all treatments for physical and chemical
determination .The juice was extracted and the total
soluble solids were determined by hand
refractometer.Ascorbic acid (mg v.c./100ml juice),total
and reducing sugars(%) and total acidity in fruit
juice(expressed as a citric acid / 100ml juice according
to A.O.A.C.[9].

Statistical analysis was carried out according to
Snedecor and cochran[10]. Treatment means were
compared according to Duncan,s[11] multiple range test
at 0.5 level of probability.

RESULTS AND DISCUSSION

1- Fruit Growth Curves: As shown in figs 1, 2. Fruit
length and fruit diameter were equal during a period of
two weeks from fruit setting. After two weeks, a rapid
increment in fruit growth was observed and continued
until the end of June. Also, fruit growth slowed down
and    become stable until harvest time due to high
temperature in July, August and September. While fruit

growth was fast at the beginning of the growing
period. Thus a sigmoid fruit growth curve was
obtained. It was found that showing down was
observed in fruit growth due to the stopping of Seed
tissue growing and the increment in test hardness.
These results are in agreement with finding of Gozlekci
and kaynak [12] reported that on pomegranate, while
fruit growth was fast at the beginning of growing
period, it slowed down afterwards. A sigmoid, growth
curve was obtained. Saad et al., [13] recorded that, the
growth pattern of the pomegranate fruit was a single
sigmoid curve.

2- Fruit Cracking %: Table (1) showed that, all
tested treatments reduced the percentage of cracked
fruits in manfaluty pomegranate cultivar in both studied
seasons, 2007and 2009as compared with the control.
The minimum cracking value was observed by using
the controlled irrigation with or without ZnSo4 (zinc
sulphate), controlled irrigation + kaolin and followed
by controlled irrigation + bagging in both studied
seasons. Deference in water content of fruitlets was not
observed between fruit in direct sunlight and those in
the shade. Thus, it was suggested that the water stress
in the rind slowed down its rate of growth, while the
shaded fruitless grow with a normal rate. Saad[14] who
indicated that, the cracking of the rind occurred in the
later weeks of fruit growth (July and August), he also
added that, the percentage of cracked fruit was
34%.Hence; fruitlets exerted a pressure on the rind
leading it to crack. singh et al [2] Cracked may be
attributed to weather, particularly prevalence of high
temperature and moisture stress condition of the soil. 

These results are in harmony with those obtained
by Basha and Ibrahim,[15] showed that, pinoline (Vapor
Guard) treatments reduced the percentage of splitting
cracking in the two cultivars during the both seasons
.yalmaz and ozg uveu[16] found that, the ABA content
of the peel was generally higher in cracked fruits than
in the peel of healthy (non Cracked) fruit. Prasad et al
[6], Singh,[17], and El- Khawga,[1] demonstrated that, the
treatments of zinc sulphate and paclobatrazol were
effective in reducing the percentage of fruit splitting.
Finally. Wei hai yang et al [18] reported that, bagging
with different materials showed different effects on the
incidence of fruit cracking (WAFB) white adhesive –
bonded fabric bag and (BAFB) black adhesive- bonded
fabric bag reduced cracking incidence significantly as
compared to the control . The results of cracking on
pomegranate fruit are in harmony with earlier reports
of [2,19,20,21].

Shehata [22] showed that, fruit splitting (Cracking)
appears in small percentage during the first two weeks
of September. Thereafter, it increased rapidly and the
least values of fruit soil moisture level.
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Melgarejo et al[22] and Yazici and kaynad,[24]

reported that, application of kaolin were the best
method to prevent sunburn in fruits of pomegranate and
reduced from 21.9% in untreated (control to 9.4 % in
the treated fruit .Besides, shading treatments decreased
sunburn damage on pomegranate fruits compared with
the control.

3-tree Fruiting:
Fruit Number and Weight: Table (1) demonstrated
that in 2007 and 2008 season, controlled irrigation
treatment, bagging, sulphate zinc and kaolin produced
statistically similar and higher positive effect on
number of fruit tree and fruit weight on pomegranate
tree compared with the control. On the other hand,
controlled irrigation with application of ZnSo4, kaolin
and bagging gave the highest value to fruit number per
tree and fruit weight Irrigation treatment with kaolin
application showed to be the superior treatment in
enhancing number of fruits/tree and fruit weight
followed discendingly by irrigation + ZnSo4 and
controlled irrigation + bagging treatment especially in
the second seasons (2008).

Increasing of number of fruit /tree and fruit weight
(g) could be a attributed to the increase in available
soil moisture which enhanced the formation of photo
–syntheses and increase leaf area and consequently
increased fruit setting.

Yield kg / Tree: Table (1) demonstrated that, recorded
enhancing tree yield in two studied seasons compared
with the control. In this respect controlled irrigation
treatment mixed with application of zinc sulphate or
kaolin recorded the highest value of yield per tree (kg)
(22.91, 23.13) in 2004 season and (22.81,23.98) in
2008 season and followed by other treatments
compared with the control, especially in the second
season. Such results my be due to the effect of these
materials on producing smaller fruit percent and
reducing fruit grain and juice [3,21,26].

These results are in harmony with those obtained
by Prasad et al.,[6] who showed that, drip irrigation at
8 liters 1-1 day for 3h increased the yield from 17.7 kg
plant-1 under the control to 28.2 kg plant. Also, Singh
et al[2] recorded that , the last cracking was obtained
which the application of boron at 0.2% which in turn
produced the highest yield (10.3 kg per tree in 2001
and 16.4 kg per tree in 2002), while, Bambal et al [25],
saied that, highest fruit yield (36.98 kg per fruits) were
obtained with  0.3% ZnSo4. Highest number of fruit
per plant (103.83) was obtained with 0.4% FeSo4 +

0.3% ZnSo4. Also, Basha and Ibrahim,[15] found that in
both seasons' pinolene (vapor- guard) antitranspirants
treatments did not affect yield and fruit quality of
Banati and Manfaluty pomegranate trees. El khwga,[1]

on Manfaluty pomegranate recorded the same results.

Singh et al[20] found that, yield per tree declined
significantly with irrigation at intervals of 2weeks or
more. Spraying treatments, 0.005 or 0.002% boric acid,
1% MgSo4 was the most effective in reducing fruit
cracking and increasing yield.

4- Fruit Quality:
Physical Properties:
Fruit Length: Table (2) reveals that, all treatments
alone without mixed gave similar and higher positive
effect on fruit length as compared with the control.
Controlled irrigation with zinc sulphate treatment gave
the highest values on fruit length (7.913, 8.590) in both
studied seasons. 

Fruit Diameter: Data in table (2) shows that, all
treatments induced statistically similar and higher
positive effect on fruit diameter as compared with the
control. Meanwhile. Controlled irrigation treatment
alone or mixed with other treatments, zinc sulphate,
kaolin and bagging gave statistically higher values in
fruit diameter in both studied seasons 

Seeds/ Fruit: Table (2) indicated that in both seasons
all treatments enhanced number of seed per fruit. On
the other hand, the highest values in this respect were
obtained with controlled irrigation treatment with zinc
sulphate (360.5, 381.1) and bagging + kaolin (336.2,
358, 9) followed by irrigation + kaolin (319.7, 321.5)
in both seasons respectively.

100 Seed Weight (g): Data in Table (2) revealed that,
all treatments failed to induce a constant trend
throughout two studied seasons. The best results in
terms of 100 seed weight were obtained with controlled
irrigation + bagging, (2.97, 2.60) irrigation +Zn So4

(26.13, 26.63) and irrigation + kaolin (25.50, 26.37) in
the two studied seasons.

Seeds / fruit wt %: The percentage of seed, , based
on total fruit weight as affected by controlled irrigation
treatments, bagging, Zn So4 and kaolin is presented in
Table (3). The percentage of seed per fruit weight was
significantly increased by using controlled irrigation,
bagging, Zn So4 and kaolin treatments. 

Pulp/fruit %: Table (3) illustrated that, controlled
irrigation, bagging, Zn So4 and kaolin treatments alone
didn't difference significantly as compared with control
in both seasons. Meanwhile, all combined treatments
gave the highest value of pulp percentage (controlled
irrigation + bagging (59.96, 60.55), irrigation + zinc
sulphate (60.43, 59.59), controlled irrigation + kaolin
(59.67, 60.69), and bagging + zinc sulphate (61.07,
60.06). 
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Fig. 1: the fruit growth curve in 2007

Fig. 2: the fruit growth curve in 2008

Table 1: Effect of controlled irrigation, fruit bagging, zinc sulphate and kaolin sprays on cracking % and yield / tree (kg) as (fruit number
/tree and fruit weight (g) of Manfaluty pomegranate during 2007 and 2008 seasons.

Treatment Cracking fruit % Fruit number/tree `Fruit weight (g) Yield /tree (kg)
--------------------------------- ------------------------------- -------------------------- -------------------------------------
2007 2008 2007 2008 2007 2008 2007 2008

Control 49.62a 50.76a 35.14d 38.15e 216.2e 207.8d 7.55e 7.88e
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Controlled  irrigation 41.45b 40.27b 44.13bc 50.83bc 291.8cd 270.9c 14.57c 13.99c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fruit bagging 41.38b 39.78b 39.87cd 39.34e 287.6cd 285.5c 11.39d 11.13d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ZnSo4 spray 38.46cd 35.31cd 40.86cd 47.13cd 273.9d 265.1c 11.04d 12.46cd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kaolin spray 40.24bc 38.35bc 42.39cd 2.72de 286.6cd 284.3c 11.91d 12.05cd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + bagging 33.16fg 32.77d 51.09ab 50.27bc 312.7c 371.6b 15.81c 18.52b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + ZnSo4 27.95h 27.57e 56.36a 56.16a 409.6a 413.8a 22.91a 22.81a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + kaolin 30.86g 27.98e 56.23a 57.53a 414.7a 418.5a 23.13a 23.98a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + ZnSo4 36.13de 37.11bc 50.49ab 55.88a 362.2b 402.5a 18.25b 22.39a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + kaolin 34.51ef 35.85d 51.25ab 55.06ab 395.6a 407.8a 20.33b 22.17a
Means within each column having different letter (s) are significantly different using Duncan’s multiple range test at the 5(%) level.  
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Table 2: Effect of irrigation, bagging, zinc sulphate and kaolin sprays treatments on fruit length  (cm), Fruit diameter (cm) number of seeds
/ fruit and 100 seed weight (g) of Manfaluty  Pomegranate during 2007 and 2008 seasons.

Treatment Fruit length (cm) Fruit diameter (cm) No. of seed/fruit 100seed weight (g) 
----------------------- ------------------------------- ---------------------------- -------------------------------------
2007 2008 2007 2008 2007 2008 2007 2008

Control 6.92e 7.04f 7.05e 7.23d 188.4g 203.5g 22.00d 25.13b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Controlled  irrigation 7.80abc 7.57cd 8.07ab 8.15b 248.8f 258.8f 23.80c 23.87c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fruit bagging 7.32d 7.77bc 7.59c 7.89c 251.7f 255.9f 24.07c 24.10c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ZnSo4 spray 7.51cd 7.39de 7.49cd 7.74c 284.3de 291.5de 24.87bc 24.53bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kaolin spray 7.64bcd 7.56cd 8.12ab 8.53a 279.8e 288.2e 24.10c 23.82c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + bagging 8.13a 7.94b 8.15ab 8.41a 312.6bcd 309.9cd 26.97a 26.60a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + ZnSo4 7.91ab 8.59a 8.37a 8.57a 360.5a 381.1a 26.13ab 26.63a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + kaolin 7.88ab 7.53cd 7.98b 7.90c 319.7bc 321.5c 25.50abc 26.37a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + ZnSo4 7.44d 7.45cde 7.16c 7.30d 300.6cde 318.5c 24.60bc 25.23b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + kaolin 7.48 cd 7.16 ef 7.18d e 7.16 d 336.2 ab 358.9 b 24. 20 c 25.13 b
Means within each column have different letter (s) are significantly different using Duncan’s multiple range test at the 5(%) level.

Juice volume/seeds%: Date in table (3) show the
effect of controlled irrigation bagging zinc sulphate and
kaolin treatments alone or combined on the percentage
of Juice relative to seed. The data recorded that;
treatments alone were not significantly affecting juice
percentage. On the other hand, controlled irrigation
treatment with bagging. Zn So4 and kaolin gave the
highest values of juice percentage in both studied
seasons.

Moisture Content in Peel and Seeds: Data in table
(3) demonstrated that, controlled irrigation, bagging Zn
So4 and kaolin treatments significantly moisture
percentage of peel and seed as compared with control.
In this respect, controlled irrigation mixed with
bagging, Zinc sulphat and kaolin treatments gave the
highest values of moisture content is peel and seed in
both studied seasons.

These results are in agreement with those obtained 
by, Prasad et al[6] who found that on six year old trees
of pomegranate with four levels of drip irrigation fruit
quality in terms of weight, size and juice content was
better in drip irrigated plants thon that in the control.
Gozlekci and kaynak[12] showed that, fruit diameter,
length, volume, 100 aril weights, juice and aril yield
showed a regular increments. On the other hand, El-
khwage[1] demonstrated that on manfaluty pomegranate
grains/ fruit and percentage of juice reduced
significantly difference when tree treated by
paclobutrazol and zinc sulphate at 4000 ppm. Finally,
wie hai yong et al[18] recorded that, (WAFB) white
adhesive. Bonded fabric bag increased fruit size and
fruit retention rate.
         Such results my be due to the effect of these
materials producing smaller fruit which an increasing

in fruit peel weight percent and reducing fruit grain
and juice.[3,26].

Fruit Chemical Properties:
Tss%: Data in table (4) shows that total soluble solids
were increased but the increment was not significant
when trees received controlled irrigation, bagging, Zn
So4 and kaolin treatments alone, while mixed treatment
significantly increased total soluble solids. 

The best significant result was recorded with
controlled irrigation treatment mixed with bagging zinc
sulphate and kaolin in both studied seasons.

Acidity%: Table (4) showed that, the total acidity (as
citric acid) was not affected significantly by all
treatments compared with the control in both studied
seasons 2007 and 2008. 

Total and Reducing Sugars %: Regarding the Data
in table (4) it is obvious that, controlled irrigation,
bagging, Zn So4 and kaolin treatments induced higher
positive effect on fruit total and reducing sugars
percentage as compared with the control. On the other
hand, the results  recorded that combined treatments
irrigation + bagging, irrigation + Zn So4 and controlled
irrigation +Kaolin were gave the highest value and
significant increase in total and reducing sugars content
in both studied seasons, compared with control and
other treatments.

Ascorbic Acid Content (Mg / 100ml): Table (4)
demonstrates that, controlled irrigation; bagging, Zn So4

and kaolin treatments induced higher positive effect on
fruit ascorbic acid content compared with the control in
the two studied seasons.
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Table 3: Effect of controlled irrigation, fruit bagging, zinc sulphate and kaolin sprays treatments on seed / fruit weight %,  pulp%,  juice%
and V.C (mg /100ml) of Manfaluty pomegranate during 2007and 2008 seasons.

Treatment seed/fruit weight % Pulp % Juice % V.C(mg/100ml)
------------------------------- ------------------------------- ----------------------------- --------------------------------
2007 2008 2007 2008 2007 2008 2007 2008

Control 58.71a 57.48a 45.76e 47.06c 38.53d 36.83e 15.93e 15.97e
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Controlled  irrigation 53.75b 55.16ab 48.89d 50.96bc 42.69bc 45.50ab 21.43abc 21.90b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fruit bagging 53.23b 52.39b 51.53c 51.15bc 41.02c 41.97cd 20.17cd 19.87c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ZnSo4 spray 53.19b 51.93bc 51.84c 53.47bc 45.23a 46.27a 18.67d 20.53c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kaolin spray 51.92bc 52.36bc 57.38b 56.92ab 42.83bc 40.98d 20.80bcd 18.60d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + bagging 48.49de 51.60bc 59.96a 60.55a 45.24a 44.87ab 21.40abc 21.00bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + ZnSo4 51.10bcd 51.10bc 60.43a 59.59a 44.47ab 45.77ab 23.17a 23.37a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + kaolin 49.43cd 50.92bc 59.67ab 60.69a 42.60bc 44.43ab 22.57ab 20.60c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + ZnSo4 46.14e 42.61d 61.07a 60.06a 41.74c 43.77bc 22.70ab 21.00bc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + kaolin 48.48de 49.16c 58.60ab 52.99bc 41.10c 41.37d 19.67cd 20.37c
Means within each column have different letter (s) are significantly different using Duncan’s multiple range test at the 5 (%) levels.

Table 4: Effect of irrigation, bagging, zinc sulphate and kaolin sprays on TSS %, Acidity %, Total sugars % and reducing sugar %of Manfaluty
pomegranate during 2007and 2008 seasons. 
Treatment TSS % Acidity % Total sugars % Reducing sugar %

----------------------------- --------------------------- ----------------------------- --------------------------------
2007 2008 2007 2008 2007 2008 2007 2008

Control 15.94f 16.03h 1.16ab 1.17a 11.00d 11.20 c 10.60d 10.63 d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Controlled  irrigation 16.04ef 16.23g 1.12b 1.25a 11.95c 12.03 b 11.08cd 11.27bcd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fruit bagging 16.54cde 16.60f 1.25ab 1.24a 12.39bc 12.36ab 11.60 bc 11.38bcd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ZnSo4 spray 16.98abc 17.57a 1.24ab 1.23a 12.58abc 12.88ab 11.96abc 12.03abc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kaolin spray 16.90bcd 17.00de 1.28a 1.23a 13.20ab 12.88ab 11.46bc 12.08abc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + bagging 17.28 a 17.43ab 1.19ab 1.24a 12.40bc 12.86ab 12.60a 12.28 ab
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + ZnSo4 17.20ab 17.50ab 1.23ab 1.23a 13.45a 13.14 a 12.29ab 12.38  a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + kaolin 17.28 a 17.30bc 1.27a 1.25a 13.31ab 13.03 a 11.70abc 12.02abc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + ZnSo4 16.44def 16.90e 1.26a 1.25a 12.59abc 12.00 b 12.07b 11.09 cd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + kaolin 16.69bcd 17.17cd 1.22ab 1.24  a 12.74abc 12.67ab 10.60d 11.90 bc
Means within each column have different letter (s) are significantly different using Duncan’s multiple range test at the 5 (%) levels.  

In addition, Table (4) showed that, all tested
treatments enhanced fruit ascorbic acid content as
compared with the control. Besides, controlled
irrigation treatments with zinc sulphate and with kaolin
or bagging with Zn So4 gave the highest values of
ascorbic acid in both studied seasons.

This results are in agreement with those obtained
by Mustafa,[27] who found that these glutathione applied
at 25, 50 or 75ppm to manfaluty pomegranate trees, all
treatments significantly increased both total soluble
solids% (TSS%) and TSS: acid ratio in fruit juice and
decreased total acidity Presad,[6] recorded that, TSS%
of the juice was slightly reduced in drip irrigation

plants compared with the control plants Besides, El
khwage[1] studied effect of paclobutrazol and zinc
sulphate in fruit cracking in manfaluty pomegranate and
recorded that, total soluble solids (TSS). Acidity, total
sugars and reducing sugars were increased directly as
influenced by foliar sprays with zinc sulphate and
paclobutrozol. 

Conclusion: The best results with regard to the
cracking and fruit quality of manfaluty pomegranate
here were obtained by controlled irrigation treatment,
spraying Zn So4, or combined spraying with kaolin and
followed in a descending order with  bagging  in  the 
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Table 5: Effect of irrigation, bagging, zinc sulphate and kaolin sprays on moisture peel % and moisture seed % of Manfaluty pomegranate 
During 2007and 2008 seasons.

Treatment moisture % peel seed moisture %
------------------------------------------------------ ---------------------------------------------------------
2007 2008 2007 2008

Control 66.04c 68.94cde 79.30bcd 77.87d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Controlled  irrigation 71.56ab 66.37e 85.65a 78.79d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fruit bagging 66.23c 73.10bcd 77.10d 77.61d
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ZnSo4 spray 69.60abc 69.47cde 83.05abc 80.24c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kaolin spray 70.36ab 68.14de 83.07abc 84.25abc
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + bagging 73.03a 71.51bcd 86.96a 86.23ab
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + ZnSo4 73.58a 74.30b 85.82a 87.84a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
irrigation + kaolin 73.40a 73.77bc 84.66ab 82.37bcd
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + ZnSo4 68.38bc 73.01bcd 82.00bcd 70.75e
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
bagging + kaolin 70.48ab 337.0a 78.61cd 70.70e
Means within each column have different letter (s) are significantly different using Duncan’s multiple range test at the 5(%) level.

first June. The percentage of cracked fruit was reduced
while yield per tree increased significantly, grains, fruit
and percentage of juice have been increased also, total
soluble solids, total sugars and reducing sugars were
increased but total acidity did not affect.
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