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ABSTRACT

The effect of intercropping spacing on Yyield, fruit
quality, and leaf chemical composition of Zebda mango
trees grown among Zaghloul date palms at Rasheed region,
EL-Behera Governorate, Egypt was studied to estimate a
suitable intercropping spacing of mango trees on date
palms, In general, Zebda mango trees grown at wide
intercropping spacing (6x6 m.} produced the highest yield /
tree, represented in increasing number of panicles / tree,
number of flowers / panicle, number of {ruits / tree and
fruit retention % as compared with those at other
intercropping spacing. In addition, wide intercropping
system significantly increased fruit quality, represented in
fruit dimensions and weight of fruit and pulp with high
content of TSS, non-reducing sugars and total sugars %.
Likewise, it significantly increased leaf chlorophyil (a), (b),
carbohydrates and some mineral content as N, P and K.
Medium intercropping system (5xS m.) produced middle
values of the studied parameters followed by closed
intercropping system (4x4 m.) which produced the lowest
values in this respect.

On the other words, wide intercropping spacing was
most suitable for Zebda mango trees grown among date
palms, which came in the first class in yield and fruit
quality as compared with other intercropping systems and
it was similar in most parameters to those of comtrol
(traditional cultivation 5x5 m.) and ecould be as a
recommended system under conditions of this study,
consequently growers can stop substitution of date palms
with mango trees to maximize their output of the limited
cultivated lands in this region.

INTRODUCTION

Mango, { Mangifera indica L.} is one of the most
important fruits in Egypt, it occupied 139433 feddans
with total production 416951 tons (according to Annals
of Agricultural Economics, A.R.E, 2005). At the last
few years, the growers in the main regions of date palm
plantation in Egypt (Rasheed and Edko, EL-Behera
Governorate), tended to cultivated mango trees among
date palms, when mango trees reached to economic
production, they uproot all date palms from the orchard
to prevent the competition of date palms on light and
soil nutrient. They adopted this practice in belief that
mango trees produced highest income return as
compared with date palms. Premaratne and Siva (1991)
noticed that intensified cultivation with a Jarge number
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of mango trees generates substantial financial returns to
the growers. Consequently, Egypt will lose these famous
regions with date palms. So, the growers are in urgent
business to have a sound program for mango
intercropping on date palm trees.

For this reason it is very important to study the yield
and fruit quality as weli as leaf chemical composition of
mango trees grown at three different spaces among date
palms in comparison with ftraditional cultivation
(without intercropping) to estimate a suitable tree space.
No reports are found in the literature concerning the
effect of intercropping spacing of mango trees. However
the effect of tree spacing on yield and fruit quality have
been studied by Avilan (1986) on mango who reported
that accumulated yield would be higher in the high
density planting system than in the traditional planting
system, but yield thereafter would be similar in both
systems. Also, other related studies were recorded by
Schneider er al. (1978), Mika and Piatkowski {1986)
and Rom (1990) on apple and Chalmers ef af. (1981) on
peach and Smart (1990) and Chipungahelo e al. (1997)
on pineapple, Pastor (1984) on olive reported that
average annual yleld per tree was the highest at the
lowest pianting density of Manzanillo olive trees.

MATERIALS AND METHODS

This study was carried out during two successive
seasons (2005 and 2006) on 8 years old -mango trees
(Zebda cultivar) grown in sandy soil with flow irrigation
system at Rasheed region, EL-Behesa Governorate, at
various spacing among 15 years old date palms
{Zaghloul cuitivar) as intercropping system. Fifieen
grafted mango trees as uniform as possible and
subjected to the same horticuiture practices were chosen
from each of four separated orchards as follows:

a) First orchard: mango trees are planted at 5x5 meters
apart ({without intercropping) as traditional
cultivation or control {T.C.).

b) Second orchard: mango trees are planted at 6x6
meters apart among date palms which planted at 12
*12 m. as wide intercropping (W.1.).

¢) Third orchard: mango trees are planted at 5x5 m.

apart among date paims which planted at 10 x10 m.
as medium intercropping (M.1.).
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d) Fourth orchard: mango trees are planted at 4x4
meters apart among date palms which planted at 8x8

m. as closed intercropping (C.1.).

Each orchard was represented by 15 trees
representing three replicates (5 trees /replicate). The soil
of the four orchards was nearly similar as shown in
Table (1).

The following topics were studied:

1. Flowering indices: The total number of panicles per
tree and number of flowers per panicle were counted
(50 panicles from each replicate were randomly
chosen and labeled for this purpose).

2, Fruit - set and - retention: Number of set fruits /
panicle at initial fruit set and at harvest were
recorded and the percent of fruit set and fruit
. retention was calculated as following equation:

No. of fruits set /panicle
fruit set % = * 100
Total No. of flowers / panicle

No. of tiuits retained / panicie
Fruit retention % = = 100
No. of set fruits / panicle

3. Yield: it was calculated as weight of fruit x number
of fruits per tree at harvest time

4. Fruit physical and chemical properties: 20 fruits
from each replicate were used to determine the
physical and chemical properties, concerning weight
of both fruit, seed and pulp and fruit dimension were
recorded as well as pulp weight percent and fruit
shape L/D were also calculated. While fruit chemical
properties included, total soluble solids percent (%
T.8.S) was determined by a hand refractometer, total
carotenoids was determined according to procedure
suggested by Roy (1973), total and reducing sugars
were determined as fresh weight according to the
method described by Malik and Singh (1980), non-
reducing sugars was calculated by the difference
between total sugars and reducing sugars.

5. Leaf composition: Leaf samples were collected in
July from the middle of vegetative shoots around
each of chosen tree, chlorophyll {(a) and (b) content
were determined as fresh weight according to
procedure outlined by Moran and Porath (1980),
carbohydrates content was determined on dry weight
basis according to the method described by Smith
and Dubois (1950). For mineral content
determination, nitrogen (N) and phosphorus (P) were
determined according to Evenhuis (1976) & Murphy
and Riley (1962), respectively. Potassium (K) was
determined by Flame photometer, calcium (Ca),

magnesium (Mg), iron (Fe), manganese (Mn), zinc
(Zn) and copper (Cu) were determined by Perkin
Elmer Atomic Absorption Spectrophotometer,
Results were subjected to analysis of variance were
performed according to Snedecor and Cochran
(1980) and L.S.D. test (0.05) was used for
comparison using SAS ( 1989 ).

RESULTS AND DISCUSSION
Yield and panicle characteristics:

The results of both seasons Table (2) revealed that,
Zebda mango trees at W.1. (wide intercropping) and
ML (medium intercropping) systems produced
significantly higher number of panicles / tree as
compared with those at the control (traditional
cultivation T.C.) and C.1 (closed intercropping) systems.
The differences between W.I. and M.l as well as
between T.C. and C.L. systems did not reach the level of
significance in this respect.

The data also showed significant differences between
various tested systems concerning number of flowers /
panicle. Zebda mango trees at W.l. system ranked first
followed in a descending order by those at M.I., T.C.
and CL systems. This was true in the two seasons of
study. These findings relating to number of panicles per
tree and number of flowers per panicle may be due to
the indirect effect of excessive competition of root
system of experimental tree on soil nutrient which
depresses vegetative growth. Asada and Ogasawara
(1989) concluded that total dry weight gains of Fuji
apple trees decreased with increasing shade. The
obtained values of both number of panicles/ tree or
number of flowers / panicle were in harmony with those
mentioned by El-Masry (2001); Tawfik (2003) and
Hassan et al (2004} on different mango cvs.

As for number of set fruits/ panicle at initial fruit set,
the obtained data indicated that, C.1. system significantly
increased number of set fruits/ panicle at initial fruit set
followed by T.C. and M.1. systems and the last rank was
W.1. system which produced the lowest value in the both
s€asons. ‘

On regard to fruit set %, the same table shows a
nearly similar trend as observed on number of set
fruits / panicle at initial fruit set, i.e. C.1. and T.C.
systems were moreeffective in increasing fruit set % as
compared with M.1. or W ! in the both seasons. In other
words; number of set fruits / panicle at initial fruit set
and fruit set % significantly increased by decreasing
intercropping spacing. Similar resuits were found by
Chalmers et al. (1981) on peach who reported that fruit
set % was increased at the high tree density. In addition,
the obtained results are in harmony with those
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mentioned by Dahshan (1971); Shawky er al. {1977) and
Nakhila {1980) on Zebda mango trees.

Concerning number of fruits / panicle at harvest, the
obtained results revealed that, "Zebda" mango irees at
both of T.C. or W.l. system produced significantly
higher number of fruits / panicle at harvest with no
significant differences between them as compared with
those at M.I. or C.. system in both seasons. No
significant differences were detected in this respect
between M.1. and C.I. systems in the two seasons and
also between W.I. and M.l systems in the second
season.

Data also show clear differences between four tested
systems regarding fruit retention % at harvest, W.L
system gave significantly higher fruit retention %
followed by T.C. and M.1. systems and the rank last C.1.
system. The decrease of number of fruits / panicle and
fruit retention % at harvest in T.C. and all of
intercropping systems except W.I. may be due to the
light competition which led to photosynthetic yields of
mango trees would be higher in the high density planting
system than the traditional planting system. These
results were confirmed with Chipungahelo et al. {1997)
" on coconut and pineapple intercrops. In addition, Byers
er al. (1985) concluded that shading caused great fruit
abscission on peach and apple trees. The present results
are also in accordance with those of Desai et al. (1985)
and Said and El-Masry (1992) on different mango
varieties.

Regarding number of fruits / tree and total yield
/tree, the same table shows nearly similar trend as
observed on number of fruits / panicle at harvest i.e.
Zebda mango trees at T.C. and W.I. systems produced
the highest number of fruits /tree and yield / tree as
compared with those of M.I. or C.i. in both seasons.
Significant differences were, generally, detected in this
respect between M.I. and C.I. systems, between W.L
and ML systems in the two seasons. These resuits are in
agreement with those reported by Avilan {(1986) on
mango who recommended that accumulated yields
would be higher in the high density planting system than
in the traditional planting system, but yields thereafter
would be similar in both systems. In addition, Pastor
(1984) stated that average annual yield / tree was the
highest at the lowest planting density of Manzanillo
olive trees. The obtained values of both number of fruits
/tree or yield / tree are generally in ling with those found
by Ahmed et al. (1998), Hoda et al. (2003) and Abd-
Hadi {2006) on different mango cultivars.

Fruit quality:
Data shown in Table (3) indicated that Zebda mango

trees at W.I. produced significantly higher fruit length
and diameter than those at other studied intercropping

systems and it was similar to those of control (T.C.).
This was true in both seasons However, there are no
pronounced effect of four studied systems on fruit shape
{L/D). The pronounced effect of intercropping spacing
on fruit length and diameter may be aitributed to the
competition between both of vegetative and fruit growth
on assimilate demand which were affected by plant
spacing (Chalmers et al., 1981). The present results are
in line with Smart (1990) who reported that increasing
density resulted in an increase in the percentage of
pineapple small fruits.

As for weight of fruit and pulp, the same table
shows the same trend as observed on fruit length and
diameter i.e. weight of fruit and pulp was the heaviest
at W.1. and T.C systems with no significant differences
between them as compared with M.I. or C.l system in
both seasons. The increase in pulp weight was parallel to
increase in fruit weight. Data also reveal that there are
no significant differences in weight of seeds of Zebda
mangoes picked from different studied systems.
However significant differences were detected
concerning pulp weight %. The percentage of fruit pulp
to the total fruit weight was the highest at T.C. and W.|
whereas it was the lowest at C.I. system. The obtained
values of fruit physical characteristics are generally in
harmony with those reported by Abd El- Rahman
(1980), Tawfik (2003) and Hassan et al. (2004) on
mango.

Regarding fruit chemical composition, data in Table
(4) reveal that in both seasons of study, T.S.S.; reducing
sugars; and carotenoids content were the highest in
Zebda mangoes picked from T.C. (control} followed by
those from W.I.; M.I. and C.1. systems. However non-
reducing sugars and total sugars contents were the
highest at T.C. and W.l. systems with no significant
differences between them as compared with those at
M.L or C.I. systems,

Literature concerning the effect of intercropping
spacing on fruit quality is not available. but the obtained
data of fruit chemical compasition are in line with those
found by Ibrahim er al. (1985); Mandal et al. (1993);
Kunda and Mitra (1997) and Abd El-Hadi {2006) on
different mango cultivars. Generally, the effect of
intercropping spacing on fruit chemical composition
may be attributed to the indirect effect such as low
photosynthesis by light competition. These results were

supported by Mika and Piatkowski (1986) who found
that mutual shading of density-planted trees, insufficient
illamination and tree competition reduced apple fruit
quality, whereas the fruits were green and soft with low
soluble solids. Likewise, Rom (1990) reported that
shade during middle or late of the season tended to
reduce apple fruit quality including a decrease



Table 1. Chemical and mechanical analysis of experimental orchards soil before starting the study in 2005 season.

Orchard di;‘t'h EC o €O, G Mg" Na' K HCO, CU SO, Sand  Sit  Clay Testure
No. ‘o) @sim) (%)
: Meg/L %

orhad 030 130 743 215 733 873 1383 105 1234 424 1442 0308 227 455

) 3060 141 11 326 714 828 1311 097 613 747 1580 9207 SI8 275  Sandy
60-90 147 823 341  7.02 893 1414 085 730 900 1463 9022 642 336

ocharg 030 122 810 219 829 1040 1503 093 1269 634 1511 9245 3.06 449

oy 3060 128 813 271 801 913 1623 084 863 885 1672 9211 397 392 Sandy
60-90 139 824 312 720 805 1578 0.63 678 1123 1364 9110 452 438

Orcharg 030 140 807 196 900 823 1723 130 1296 670 1609 9263 348 389

Gy 3060 148 815 245 663 841 1816 059 635 664 2079 9122 467 411 Sandy
6090 134 822 317 722 1127 1872 081 903 1230 1665 9038 632 330

Oncharg 030 138 812 214 739 859 1328 076 1040 619 1344 9375 278 347

@ 060 142 816 323 625 632 1911 058 592 705 1927 9137 428 435 Sandy
60-90 140 820 348 657 786 1380 045 683 821 13.65 90.84 532 384
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Table 2. Effect of intercropping spacing on yield of Zebda mango trees in 2005 and 2006 seasons.

No. of panicles per tree

No. of flowers per panicle

No. of set fruits / panicle at

Fruit set %

Systems initial fruit set
2005 2006 2005 2006 2005 2006 2005 2006
T.C. (control) 38.33b 67.33b 850.6¢ 941.3¢ 172.3b 203.6b 20.25b 21.63b
W.I 47.00a 74.33a 1057.0a 1097.0a 108.3d 154.6d 10.24d 14.9d
M.L 45.66a 72.00a 974.3b 1043.6b 129.6¢ 175.6¢c 13.30¢ 16.83c
C.L 37.66b 68.00b 781.3d 896.0d 189.0a 212.3a 24.19a 23.6%9a
L.s.D. (0.05) 2.98 2.81 42.0 29.5 20.7 7.5 1.43 1.22
Cont. Table 2.
No. of fruits / panicle at Fruit retention % at harvest No. of fruits / tree at harvest Yield per tree (kg)

Systems harvest i

2005 2006 2005 2006 2005 2006 2005 2006
T.C. (control) 0.978a 1.067a 0.568b 0.524b 37.49a 71.84a 1594a 30.08a
W.iI. 0.867a 1.00]1ab 0.800a 0.647a 40.75a 74.40a 17.25a 30.59a
M.L 0.610b 0.758bc 0471c 0.432c 27.85b 54 .58ab 1L.31b 21.51b
C.L 0.493b 0.716¢ 0.261d 0.337d 18.57¢ 48.6%b 7.47¢c 19.08¢
L.8.D. (0.05) 0.191 0.273 0.018 0.020 7.98 21.30 241 2.35

Means within column for season having the same latter are considered insignificant (p = 0.05).

T.C. = Traditional cultivation.
W.I. = Wide intercropping.
M., = Medjum intercropping.
C.1. = Closed intercropping.
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Table 3. Effect of intercropping spacing on Physical characteristics of Zebda mango Fruits in 2005and2006 seasons.

Fruit length Fruit diameter  Fruit shape Fruit weight Pulp weight Seed weight Pul ioht %

Systems (cm) (cm) L/D (gm) (gm) (gm) Wb weent
2005 2006 2005 2006 2205 2006 2005 2006 2205 2006 2005 2006 2005 2006

T.C.(control) 13.92a 13.67a 7.68a 7.54a 1.8la 1.8la 4251a 41872 323.8a 310.1a 61.18a 59.19a 76.17a 74.06a

W.I 13.67a 13.45a 7.53ab 7.35a 1.82a 1.83a 4233a 415.1b 3185b 308.2a 61.13a 59.14a 7524a 74.25a

M.L 12.81b 12.60b 7.24b 694b 1.77b 1.85a 4062b 394.1c 301.5c 289.0b 60.782 58.35a 74.22b 73.33b

Cl " 1249¢ 1221c 690c 6.66c 1.8la 1.83a 4022c 391.8c 2943d 286.6c 61.14a 58.76a 73.17c¢ 73.15b
L.S.D (0.05) 0.29 0.31 0.30 0.26 0.02 N.S. 2.4 2.9 1.5 2.1 N.S. N.S. 1.02 0.95

Means within column for season having the same latter are considered insignificant (p = 0.05).

T.C. = Traditional cultivation.
W.1. = Wide intercropping.
M.1. = Medium intercropping.
C.1. = Closed intercropping.
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. Table 4. Effect of intercropping spacing on chemical composition of Zebda mango fruits in 2005 and 2006
seasons.

Reducing Non-reducing o Carotenoids
Systems TS.S. % sugars % sugars % roalsugars % (v1)i00gm)
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006

T.C. (control) 15.14a 12.71a  5.72a 449a 104la 8.88 16.12a 13.37a 2.80a 2.l18a

W.I. 14.92b 12.54b 5.50b 4.44b 1040a 8.87a 15902 1331a 245b 2.11b

M., 14.54c 1227¢  337c 429c 8.68b 858b 12.05b 12,87b 239c 2.10b

C.l 14.22d 1201d 3314 4.14d 8.52¢ 853b 11.83b 12.67¢ 237d 1.96¢c
L.S.D.(0.05) 0.09 0.08 0.04 005 0.1 0.06 023 0.10 001 003

Means within column for season having the same latter are considered insignificant (p = 0.05)

T.C. = Traditional cultivation.
W.I. = Wide intercropping.
M.I. = Medium intercropping.
C.L = Closed intercropping.

Table 5. Effect of intercropping spacing on leaf composition of Zebda mango trees in 2005 and 2006 seasons.

Chlorophyll (a) Chlorophyil (b)
Systems mg/100gm mg/100gm Carbohydrates %
2005 2006 2005 2006 2005 2006
T.C. (control) 1.326a 1233a 1.153a 1.163a 13.496a 10.950a
W.l. 1.316a 1.181a 1.085a 1.120a 13.186a 10.776a
M.L 1.016b 0946b 0.770¢ 0.870b 12.466¢ 10.463¢
C.L 0.810c 0743¢ 0683d 0.706¢ 11.946¢ 10.460¢
L.8.D. (0.05) 0.012 0.054 0.075 0.045 0.326 0.184

Means within column for season having the same latter are considered insignificant (p = 0.05)

T.C. = Traditional cultivation.

W.L. = Wide intercropping.

M.L. = Medium intercropping.

C.1. = Closed intercropping

of fruit weight, color and soluble solids.
Leaf composition:

The resuits of both seasons Table (5) indicated that
M.l. and C.I. systems significantly decreased leaf
chlorophyll (a) and (b) and carbohydrates content as
compared with W.LorT.C.

system, the four tested systems could be descendingly
arranged as follows:

T.C.; W.I; Ml and C.I. systems. The differences
between T.C. and W.I. systems did not reach the level of
significance in this respect. The decrease in leaf
carbohydrates content was concomitant with the
decrease in chlorophyll (a) and (b).

Conceming leaf mineral content, data shown in
Table (6) indicate that T.C. and W.. systems
significantly increased leaf N and P content as compared
with M.1. or C.I. system. No significant differences were
detected in this respect between M.I. and C.I. systems in
the two seasons. Data also show that leaf K and Ca
content significantly increased with increasing of

intercropping spacing, i.e., W.l. system produced the
highest significant leaf K and Ca content followed by
M.1.; T.C. and C.I. systems in both seasons except in the
second season regarding leaf Ca content, no significant
differences were detected between M., and C.I,
systems.

Regarding leaf Mg content, the same table shows
that all intercropping systems significantly decreased
leaf Mg content as compared with the control (T.C.)
which had the highest value in this respect in both
seasons except those of C.1. in the sécond season which
did not differ significantly with those of T.C. system.

As for leaf Fe; Zn; Mn and Cu content, data shown
in the same table show that all tested systems did not
affect Fe; Zn; Mn and Cu content of mango leaves.
These resuits of mineral content are in partial agreement
with those found by Schneider et af. (1978) who
reported that tree spacing did not affect N; Fe; Zn or Cu
content of apple leaves. However, leaves from the
widest spaced trees had more P and K than those from
the closest trees. However, Ca; Mg and Ma were present



Table 6. Effect of intercropping spacing on leaf mineral content of Zebda mango trees in 2005 and 2006 seasons.

syste Nitrogen Phosphorus Potassium Calcium Magnesium Iron Zinc Manganese Copper
o (%) (%) (%) (%) {%) {ppm} {ppm) {(ppm) {ppm)
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006 2005 1006 2005 2006 2005 2006 2008 2006
T.C. 1.383a  1.260a 0.145a 0.155a 1.023b  1.106c  1.873c  1.733c 02992 0.295a B63a 823a 7182 597a 627a S581a 37952 38.89a
LA 1.336b 12702 0.147a .0152ab  1.226a 1.320a 2.156a 1860a 0261c 0.286c T1.9¢ 650b 647b 58.1a 605b  573a 3688b  37.7%
M.L 1243¢  1.200b  0.144ab  0.145bc  1.033b  1.123b 2020b 1.803b 0266c 0.292b  785bc 636b 573c 53.0b 6382 557b 36.14c 37.64b
C.lL 1.220¢  1,150b  0.140b 0.141c 0.726c 0.810d 1.760d 1.810b 0285 0.294ab 827ab 75.1a 505d 519p 62.52 526c 34894 358X
L.S.D.  0.029 0.057 0.045 0.007 0.007 0015 0.0l 0.608 0.010 0.003 6.9 9.5 4.0 4.5 1.2 0.9 0.43 0.74

Means within column for season having the same [atter are considered insignificant (p = 0.05).

T.C. = Traditional cultivation.

W1 = Wide intercropping.

M. 1. = Medium intercropping.
C.1. = Closed intercropping.
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in greater concentration in leaves from the closely
spaced trees. in addition, Rom (1990) also showed that
leaves exposed to saturating light have highest N
content.

From obtained results, it can be suggested that, under
conditions of this study, wide intercropping (W.1.)
system proved to be the suitable system for
intercropping

of Zebda mango trees on date palims. This recommended
system produced acceptable yield /tree with good
quality of mango fruits and was nearly a similar as those
of traditional cultivation (T.C.). So the wide
intercropping systein can be adopted in the main centers
of date palms plantation (as Rasheed and Edko, EL-
Behera Governorate) to generate income without
removal date palms.
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