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Abstract: This investigation  was
carricd out in the experimental orchard
of Assiut University throughout 1992
and 1993. The main objective was to
study the effect of certain planting
distances i.e. 50, 3.5 and 2.5 mand
number of main stems (trunks) per
plant ie. one, two, three and four on
fruit quality of Manfalouty pomegranate
trees (Punica granafum, L.} such as
fresh weight per fruit and percentage of
grains (arils) relative to whole fruit
weight as well as splitting and sunburn
fruit percentages. The chemical
compoasition of the juice of fruit samples
includes: total soluble solids (TSS) as
percent, total acidity as percent and
reducing sugars. The results of this
experiment could be snmmarized in the
following:

1- The physical fruit properties of
Manfalouty pomegranate were not
influenced significantly  with
spacing treatments, training systems
or the combination of both.

2- The chemical fruit properties of
Manfalouty  pomegranate were
statistically influenced with planting
distance, number of main
stems/plant and combination of
both.  The moderatcly planting
distance (3.5 m) gave slightly but
significant highest values of total
soluble solids, reducing sugars and
lower total acidity. The muitiple-
trunk system (three or four main
stems/tree) had pronounced
influences on increasing the total
soluble solids and reducing sugars.

The combined effects of planting
distances and number of main
stems/trec on  their chemical fruit
properties was significant also.

From this study it could be
recommended to make the widest
spacing (3.5 m) together with the
training into 3 or 4 main stems/tree.

Introduction

Manfalouty (Punica granatum,
L)) is considered the most principal
cultivar grown in Assiut governorate
where pomegranate culture is

commercially grown. Recently, there
has been an mcreasing demand for
this to meet the needs of local as well
as the foreign markets. The actual
planting distances and number of



main stems of pomegranate plant in
the orchard are of great importance
factors which contro! the successful
growth and the productivity of the
orchard. Faiziev (1973) and
Popenoe (1974) reported that the
highest yields were obtained from the
closest spacing. Planting density had
no appreciably adverse effect on fruit
weight.  Similarly, Kutuzova (1984)
tested 5 spacing densities for some
pomegranate cvs. and found that
spacing of 3x2.5 or 4x2 m produced
high and economic yields of good
quality  fruits. Aradski and
Gvozdenovic (1978) found that the
planting density did not wnfluence

fruit size of apples.
As traming systems Takhmazov
and Aliev (1975) on some

pomegranate cvs found that the most
economic method were the 6-branch
trees owing to high yield and ease of
picking. Pareek (1978) worked on
trees of 22 pomegranate cvs. and
found that in most cultivars, best
results were obtained from trees
tramed to 25 ¢m tall stem.
Materials and Methods

This investigation was carned out
dunng 1992 and 993 secasonson6
years-old on Manfalouty
potnegranate trees (Punica
granatum, L.} grown on clay sail in
the experimental orchard of Asstut
University.

Planted 108 trees at spacing of
(5x5, 3.5x3.5 or 2.5x2.5 m) were
chosen according to their vegetative
growth. Each planting distance was
divided into four training system
according to number of main trunks
{1, 2, 3 or 4 trunks/trec). Thus, this
experiment was set up in a split plot
design including 3 main planting
distances (as main plots), and 4
training systems (as sub-plot). Both
the main plots and sub plots were
replicated three times giving a total
actual number of 108 trees (3x3x4x3
= 108 trees).

The effect of these treatments of
planting density and multiple-trunk
systems on fruit quality was studied,

All fruits were harvested in bulk
at once as the recommended matunty
standard outlined by El-Kassas
(1984) and El-Kassas er al. (1989).
The picking date under the condition
of the present study was at the
second week  of  October.
Accordingly, the percentages of fruit
sphtted and sunbumed relative to
total number of fruitsfree were
evaluated. To study both physical
and chemical frutt properties, five
fruits were taken from each replicate.
The physical fruit properties were:

- Fresh weight per fruit in g.

- Percentage of grains (arils) relative
to whole fruit weight.

The chemical composition of the
Juice of fruit samples includes:
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- Total soluble solids (TSS) as
percent was determined by a hand
refractometer.

- Total acidity as percent, was
estimated as citric acid, by titrating
of 0.1 N sodium hydroxide against 5
ml juice using phenolphthalein as an
indicator.

- Reducing sugars were determined
m juice according to the method of
Lane & Eynon, Official Titrimetric
Method outlined in the Official
Methods of Analysis as described in
the A.O.A.C. (1985).

Statistical analysis was carried
out according to Snedecor and
Cochran {(1980). Treatment means
were  compared  according  to
Duncan’s multiple range test at 0.05
level of probability.

Results and Discussion

The discussion of data obtained
deals with the specific effect of each
of planting distances, multiple-trunk
systems and their  possibic
combinations on fruit quality of
Manfalouty  pomegranate under
Assiut environmental conditions:

1. Physical fruit properties:
t.a. Fresh weight per fruit:

The cffect of planting distance,
number of main stems per plant and
their combination on the fresh weight
per fruit of Manfalouty pomegranate
are presented in Table 1.

The specific effect of planting
distance on fresh weight per fruit
was not statistically significant
during 1992 and 1993 seasons.
Nevertheless, the widest spacing
appears o produce the largest fruit
weight as compared with those of
modcrate or closest spacings. These
results due to the widest spacings
mcreased  the efficiency of

photosynthesis and consequently
increased the amount of stored
carbohydrates that required for

flower bud formation as well as for
increased the fresh weight per fruit.

These findings are in line with
Palmer et al. (1992) who reported
that the percentage of light
interception increased as trec density
mereased in apple.

The specific effect of number of
main stems per tree had slight
influcnce on fresh weight per fruit
especially during 1992  season.
Nevertheless, the one single or two
multiple trunk tree appear to produce
the largest fresh weight per fruit.
This could be attributed to their
lower number of fruits production as
compared with 3 or 4 multiple-trunk
trees.

The combined effect of spacing
treatments and number of main stems
per plant on fresh weight per fruit
indicated that the largest fruits were
observed under the widest spacing
together with single trunk tree
followed by 2 main stems per plant.
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Such finding was obvious during
1993 season.

Numerous  investigators have
shown that planting density had no
appreciably adverse effect on fruit
weight, Faiziev (1973) on
pomegranate, On apple, Aradski and
Gvozdenovic (1978) found that the
planting density did not influence
fruit size. Other investigators have
shown that fruits from closest
spacing were smaller than those from

the widest spacing, Boswell er al.
(1970) on Washington navel orange,
Schneider et al. (1978) on apple and
Tsereteli (1990) on mandarin.
However, Kamelia (1987) on fig,
Martinez and Castillo (1988) on
March grapefruit found that fruit
weight or fruit size was greater at
closest spacing than at widest

spacing.

Table (1):Effect of planting distance and number of main stems per bush on
fruit weight (in g) of Manfalouty pomegranate during 1992 and

1993 seasons.

Main stems Spacing treatments
per bush 50m 35m 25m Mean

1992 season
1 401.60a 39160a 37240 a 38853 A
2 39980 a 364.80 a 365.80a 376.80 A
3 362.80a 42840 a 31760a 369.60 A
4 40080 a 42020a 36760 a 39620 A
Mean 39125 A 40125 A 35585A

1993 season
1 614.60a 549.00 abc 510.64 be 558.08 AB
2 587.00 ab 565.20 abe 574.96 ab 57572 A
3 564.60 abc 542.20 abc 495.64 be 534.15 AB
4 552.60 abc 519.20 be 476.20c 516.00 B
Mean 579.710 A 54390 A 51436 A
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1.b. Percentage of arils:

According to Table 2, the
percentage of arils relative to whole

fruit weight was not significantly
influenced with different planting
distances, number of main stems per
plant, or their combination.

Nevertheless, the closest spacing (2.5
m apart} gave slightly lower
percentage of arils, and this was true
during only 1993 season. Such
closest spacing could produce the

relatively smallest frurt weight of
slightly highest aril percentage.
Similarly, the more the number of
main stems per plant, the high the
percentage of anls was acquired.
This finding emphasized the fact that
the smaller the fruit, the higher the
percentage of arils was noticed.
Martinez and Castillo {1988) found
that average peel thickness of March
grapefruit was greater at 4x6 m or
5x8 m than at 5x10 m. However,
Boswell er al. (1970) in Washington

Table (2):Effect of planting distance and number of main stems per bush on
the percentage of arils (relative to whole fruit weight) of
Manfalouty pomegranate during 1992 and 1993 seasons.

Main stems | Spacing treatments
Per bush 50m 35m 25m Mean
1992 season
1 4554 b 5474 a 52.70 ab 5099 A
2 54.20ab 49.64 ab 5244 ab 52.09A
3 52.02 ab 53.24 ab 5280 ab 5269 A
4 57.56a 51.72 ab 50.72 ab 5333 A
Mean 5233 A 5233 A 52.17A
1993 season
1 60.06 ab 54.04 b 6332a 5.9.14 A
2 55.62 ab 59.56 ab 57.60 ab 5759 A
3 5830ab 56.68 ab 57.24 ab 5741 A
4 61.10 ab 56.14 ab 60.30 ab 5918 A
Mean 5877 A 56.60 A 5962 A
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Navel orange did not find any
differences in peel thickness

regarding planting distances.
1.c. Percentage of fruit splitting:

The effect of planting distance,
number of main stems per tree or
combination of both on fruit cracking
are presented in Table 3. Statistical
analysis of data obtained indicated
that none of these previous factors
have any significant influence on the
percentage of cracking relative to
whole  number  of fruits/tree.

Nevertheless, the closest spacing (2.5
m apart) gave the lowest percentage
of fruit splitting during 1992 and
1993 seasons. This trend could be
attributed to the smallest fruits were
accompamed with low percentage of
cracking as compared with biggest
fruit weight.  Similarly, training
pomegranate tree to two main trunks
was found to produce slightly highest
percentage of fruit cracking as
compared with the other training
systems. Such trend was not in line
with the fresh weight per fruit.

Table (3):Effect of planting distance and number of main stems per bush on
the percentage of fruit cracking (from total number of fruits/tree)
of Manfalouty pomegranate during 1992 and 1993 seasons.

Main stems | Spacing treatments B
per bush 5.0m 35m 25m Mean

1992 season
1 263a 883a 1.27a 424 A
2 590a 800a 980a 7.90 A
3 4502 513a 0.67a 343A
4 710a 5.07a 1.73a 463 A
Mean 503A 6.76 A 337A

1993 season
I 210a 6.64a 242a 372A
2 6.26a 826a 750a 734 A
3 664a 7.06a 130a 500A
4 6.14a 548a 280a 481 A
Mean 528 AB 6.86 A 351B
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l.d.  Percentage of sunburned
fruits:

According to Table 4, the percentage
of sunburned fruits relative to total
number of frutts per tree was not
mfluenced significantly with planting
distance, multiple-trunk systems or
their combination,

Nevertheless, " it could be observed
that, the more the wide of planting
distance, the high the percentage of
sunburned fruits during 1992 and
1993 seasons. This finding might be
due to low percentage of Hhight
interception together with exposing
fruits to  higher temperature.
Temperatures  fluctuation during

relatively cold nights and warm days
when fruits are exposed to direct
sunhght could be explained the
higher percentage of sunburn fruits
under widest planting distance.
Approximately similar findings are
observed under different training
systems. However, two-trunk system
was found to induce the highest
percentage of sunbumed fruits as
compared with the trunk system.

2. Chemical fruit properties:

The effect of planting distance,
number of main stems/tree and
combination of both on some
chemical properties are presented in
Tables 5, 6 and 7.

Table (4): Effect of planting distance and number of main stems per bush on
the percentage of sunburmed fruits (from total number of
fruits/tree) of Manfalouty pomegranate during 1992 and 1993

scasons. .
Main stems Spacing treatments
per bush 50m 3.5m | 25m ! Mean
1992 season
1 15.33 ab 10.17 ab 13.62 ab 13.04 A
2 15.92 ab 1487 ab 2127 a 1735A
3 18.53 ab 12.30 ab 12.80 ab 14.54 A
4 15.17 ab 14.62 ab 7.72b 12.50 A
Mean 16.24 A 1299 A 13.85 A
1993 season
1 15.78 abc 12.66 abc 15.01 abc 14.48 AB
2 16.65 ab 18.18 ab 16.00 abc 16,94 A
3 19.69a 12.60 abc 10.44 be 14.24 AB
4 13.14 abc 13.39 abc 7.6lc 1205B
Mean 16.32 A 1471 A 12.27 A
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2.3
Juice:

Total soluble solids (TSS) of

According to Table 5, the
percentage of TSS in Manfalouty
pomegranate juice was slightly but
significantly influenced with planting
distances used. The TSS was
highest under moderately wide
spacing (3.5 m apart) as compared
with  ecither widest or closest
spacings.  Such trend was true
during both 1992 and 1993 season.
The moderately fruit vield as number
of fruits or their weight per tree was
found to be accompanied with
highest percentage of TSS. Boswell
et al. (1970) on Washington navel
orange and Amarcet and Daulta
(1990) on grapes showed no
difference in juice TSS in response to
planting density. However, Kamelia
(1987) on fig found that TSS was
decreased under closest spacing (1.7
m) as compared with widest spacing
(5 m).

Regarding the influence of
number of main stems per tree on the
percentage of TSS in the juice, it
could be mentioned that the 2 or3
mam trunk system, gave the highest
values cspecially  during 1993
season. This find could be attnibuted
to moderately vigor growth which
accompanied with highest values of
TSS.

The combined effect of planting
distance and number of main
stemsftrec on juice TSS content
indicated that the TSS was
statistically  significant with such
combination. The moderately wide
spacing (3.5 m apart) in conjunction
with 2 or 3 main stems per plant
gave fruits of highest juice TSS
content. Such TSS trend followed
the separate effect of either planting
distance or number of stems per tree.

2.b. Tetal acidity of juice:

According to Table 6, the closest
planting distance (2.5 m apart)
produced fruits of high citric acid
content as compared with the widest
(5 m) or moderately (3.5 m) planting
distances.  Such trend is true during
1992 and 1993 seasons. This finding
1s In line with those found with TSS
in response to different spacing
treatmenis. Boswell er al. (1970)
showed no difference n percent of
acid of Washington navel orange n
response to planting density.

The specific effect of number of
main stems/irec on total acidity {as
per cent citric acid) has significant
influence on such content. However,
no defmte trend 1s acquired
regarding the number of main
stems/trec. Nevertheless, the 2 main
stems/tree has the highest total juice
acidity during 1992 season and
lowest content during 1993 season.
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Table (5):Effect of planting distance and number of main stems per bush on
the percentage of total soluble solids in Manfalouty pomegranate
jyuice during 1992 and 1993 seasons.

Main stems Spacing treatments
per bush 50m | 35m | 25m |  Mean
1992 season
i 14.40 b 14.76 abc 1556 a 1491 A
2 14.44 abc 15.32 abc 14.84 abc 1487 A
3 1420 ¢ 15.16 abc 15.04 abc 14.80 A
4 1556 a 15.52 ab 14.92 ab¢ 1533 A
Mean 1465B 1519 A 1509 A
1993 season
1 14.96 cd 15.08 bed 15.88 ab 1531 B
2 15.72 abc 16.40 a 1600 a 16.04 A
3 1636 a 1648 a 14.88 cd 1591 A
4 1596a 1632 a 1468 d 15.65 AB
Mean 15.75 AB 16.07 A 1536 B

Table (6):Effect of planting distance and number of main stems per bush on
the percentage of total acidity (as citric acid) in juice of
Manfaiouty pomegranate fruits during 1992 and 1993 seasons.

Main stems Spacing treatments
per bush 50m | 35m | 25m i Mean
1992 season _
1 0.96¢ 1.06 be 1.21 ab 1.08 AB
2 140 a 1.09bc 1.06 be 1.L1I8 A
3 1.10 b L1l4 be 1.18 b 1.14 AB
4 0.99 be 1.04 be 1.12 bc 1.05B
Mean 111 A 1LO9 A 1.14 A
1993 season
1 0.93cd 0.94 cd 1.14b 1.00 AB
2 0.91 cd 0.87 cd 1.00c 0.93B
3 0.93cd 0.87 ¢d 1.38a 106 A
4 0.85d 0,90 cd 1.19b 0.98B
Mean 0.90B 090 B 118 A

The lowest values of juice acidity any number of main stems/plant.
were found under the widest spacing  This means, that spacing treatments
treatment (5 m apart) together with
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ad pronounced effects on juice
acidity rather than training systems,

2.c. Reducing sugars of juice:

According to El-Kassas ef al.
(1993), the total sugars of
Manfalouty  pomegranate  juice
constitute more than 85% from TSS,
and reducing sugars represent more
than 90% of the total sugars. Thus,
reducing sugars could be used as an
index for total sugar in pomegranate
Juice.

According to Table 7, the
percentage of reducing sugars was
slightly but significantly influenced
with the tcsted planting distances.
Similar response as total soluble
solids in response to different
spacing treatments was acquired.
The highest values of reducing
sugars ar¢ shown under moderately
wide spacing (3.5 m) as compared
with either widest (5 m) or closest
(2.5 m) spacings. It could be
expected that the widest spacing
would produce fruits of higher
reducing sugars, but the more yield
obtaincd and larger fresh weight per
fruit might explain the dilution effect
on TSS or reducing sugars content.
Amarjeet and Daulta (1990) found
on grapes that reducing sugars was
not affected by wider spacing.
However, Kameha (1987) on fig
recorded that reducing sugars was

decreased under closest spacing (1.7
m) as compared with widest spacing
(5 m).

Regarding the specific effect of
training systems on reducing sugars
content, it could be observed such
factor did not significantly affect
reducing sugars  of  juice.
Nevertheless, the reducing sugars
appeared to increase gradually with
increasing the number of main stems
per plant. However, such incrcases
were not statistically significant. It
could be observed also that the fresh
weight per fruit and tree load could
affect either TSS or reducing sugars
of the juice.

Thus, planting pomegranate trees
at 3.5 m apart and leaving 3 main
stems/tree  produced fruits of highest
reducing sugars of their juice.
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