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ABSTRACT: A two-year field experiment was conducted at Sakha Agricultural Research Station in
Kafr El-Sheikh Governorate, Egypt, during the summer seasons of 2023 and 2024. The treatments involved
three nitrogen (N) fertilizer rates (60, 75, and 90 kg N/fed) for cotton and four different sesame plant
densities (12.5%, 25.0%, 37.5%, and 50.0% of sole planting). This study aimed to identify the optimal N
fertilizer rate and sesame plant density for intercropping with cotton to increase the yield of both crops,
land-use efficiency, and economic return in the North Delta region. A split-plot design was employed to
conduct the experiment, with four replicates for each treatment. Sesame plant densities were dispersed
throughout the subplots, while N fertilizer rates were assigned to the main plot. The results showed that an
intercropping system consisting of 100% cotton and 50% sesame on a 140 cm wide bed with 75 kg N/fed
produced the highest yield of both crops. One row of sesame, with two plants per hill spaced 15 cm apart,
was planted in the center of the beds, while cotton was planted on both sides. This led to enhanced seed
yield and quality for both crops, along with improved Land Equivalent Ratio (LER) and economic returns.
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INTRODUCTION

For many years, Egyptian cotton (Gossypium
barbadense L.) was highly valued, with the
majority of the crop being exported to European
countries. It is a crucial economic crop in Egypt
and globally, used in various industrial products,
and contributes significantly to national income
(ElI-Shamy et al., 2023). Animal feed contains
cottonseed meal because of its high protein and
energy content. Cotton is a major fiber crop
worldwide, ranking second to soybean as a plant
protein source, with its oil being the fifth most
widely used edible oil globally (Ghoprial et al.,
2021). Sesame (Sesamum indicum L.) is highly
prized for its excellent oil quality and rich
micronutrient content, ranking second to olive oil
in nutritional value. Sesame seeds, with high oil
content (50-60%) and protein (20%), along with
carbohydrates (14-20%), fiber, vitamin E, and
minerals, are a valuable commodity. The majority
of sesame production is used for oil and sesame

seed meals, with the rest utilized in the food
industry, confections, and beverages (Berhe et al.,
2023).

Unfortunately, there is a decline in sesame
land, which reached 88623 feddan in 2023, as a
result of higher competition with other strategic
summer crops, such as cotton (255121 feddan).
Accordingly, there is a need to expand the scope
of sesame cultivation through the use of an
intercropping system. Specifically, intercropping
is the most effective tool for maintaining the area
of oil crops without a significant change in crop
structure (Bulletin of Agricultural Statistics,
2023). In a study by Lamlom et al. (2020), it was
demonstrated that intercropping sesame with
cotton (25% sesame + 100% cotton) following the
harvest of Egyptian clover led to increased yields
of cotton seeds, protein, and oil per hectare.
Researchers also found that intercropping sesame
with cotton significantly increased the levels of
oleic and linoleic acids (unsaturated fatty acids) in
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the oil of seed cotton compared to growing cotton
alone. Moreover, intercropping cotton and sesame
at a 1:1 row ratio significantly increased seed
cotton yield (Sathishkumar et al., 2023).

Nitrogen (N) is an essential plant nutrient that
influences the production of protein, protoplasm,
and chlorophyll, leading to increased cell volume,
leaf area, and photosynthetic activity. Many
developing countries face nutrient deficiencies
among their populations (Dhaliwal et al., 2022).
Although cotton and sesame are often grown
together, further research is needed to determine
optimal planting density and N fertilization. The
quantity and quality of cotton vyield traits
increased when cotton plants were planted 25 or
30 cm apart, with double plants per hill, and the
soil was fertilized with 75 kg N/fed (Ghoprial,
2018). Meanwhile, Panhwar et al. (2018) found
that higher N fertilizer levels led to a significant
increase in plant height, boll weight, seed index,
seed cotton vyield/plant, seed cotton yield/unit
area, and lint cotton vyield/unit area. However,
Emara and Abdel-Aal (2017) found that a high
level of fertilizer N did not have a significant
effect on seed index. In another study, Abdel-Aal
et al. (2019) found that applying a high level of N
fertilizer (60 or 75 kg N/fed) in three or four equal
doses resulted in increased productivity of the
Giza 94 cotton variety.

With respect to the plant density of sesame,
Kadam et al. (2015) showed that a plant density
of 166666 plants/ ha significantly increased the
protein content in seeds of sesame or cotton
compared to other plant densities, while the oil
content in seeds remained unaffected. Moreover,
El-Shamy et al. (2021) reported that the number
of capsules/plant and plant height were
significantly impacted by sesame density. They
added that the density of sesame plants had
a significant effect on all traits of cotton except
plant height. Thus, it is important to apply N
fertilizer in a sufficient quantity required for
intercrops in order to increase yields of sesame
and cotton under an appropriate plant density of
sesame. Farmers benefit more from the
intercropping system, which also serves as
insurance against crop failure by stabilizing

production and increasing overall returns (Singh
et al., 2000). The most effective intercropping
pattern for achieving the highest land equivalent
ratio (LER) and monetary profit was 3 cottons: 1
sesame (Donyavian et al., 2018). Therefore, this
study aims to identify the optimal N fertilizer rate
and sesame plant density intercropped with cotton
to increase the yield of terrace crops, improve
seed quality, enhance land-use efficiency, and
increase economic return in the North Delta
region.

MATERIALS AND METHODS

A two-year field experiment was conducted at
the Sakha Agricultural Research Station in Kafr
El-Sheikh  Governorate, Egypt, during the
summer seasons of 2023 and 2024. The net area
of the experimental plot was maintained at 12.6
m2, with three beds (140 cm wide) per plot (4.2 m
wide x 3.0 m long). Furrow irrigation was the
main irrigation system in the region. The design
of the experiment was laid out in a split-plot with
four replicates. N fertilizer rates (60, 75, and 90
kg N/fed) were placed in the main plots, and the
sesame plant densities were placed in the subplots.
Sesame was planted (in one row with two plants
per hill) in the center of the terrace at a rate of 50%
and with a 15 cm spacing. Besides, 37.5% of the
sole crop resulted from planting one row of
sesame in the middle of the bed at 20 cm between
hills. Additionally, 25.0% of the sole crop resulted
from planting one row of sesame in the middle of
the bed at 30 cm between hills. Additionally,
12.5% of the sole crop resulted from planting one
row of sesame in the middle of the bed at 60 cm
between hills. The planting density for cotton was
48,000 plants/fed (seeding rate 30 kg/fed), and for
sesame, 80,000 plants/fed (seeding rate 4 kg/fed
Giza 97 cotton seeds were sown on April 14 and
16 for the 2023 and 2024 seasons, respectively,
with two plants per hole at 25 cm apart. Sesame
seeds of Shandawel cultivar 3 were sown on May
1 and 3 for the 2023 and 2024 seasons,
respectively. Sole sesame planting was planted 15
cm apart, leaving two plants per hole. The sesame
harvest was scheduled for August 1 and 3, while
cotton was harvested on November 5 and 9 in the
first and second seasons, respectively. Both cotton
and sesame seeds were sown regularly and
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according to technical recommendations. During
soil preparation, 150 kg/fed of calcium
superphosphate fertilizer (15.5% P20s) was

added.

Soil particle size distribution and chemical
analyses were conducted using the method
outlined by Page et al. (1982) after randomly
selecting soil samples from 0 to 30 cm below the
soil surface during the two growth seasons. The
results are shown in Table 1.

Table 1. Physical and chemical properties of the experimental site during the 2023 and 2024 seasons.

Properties 2023 season 2024 season
A: Particle size distribution:
Sand, % 9.72 9.73
Silt, % 30.24 29.99
Clay, % 60.04 60.28
Texture Clay Clay
B: Chemical analysis:
pH 7.75 7.82
EC (dS/m) 1.45 1.92
Organic matter (g kg™ 11.40 10.50
Total N (%) 0.14 0.13
Total carbonate (%) 2.20 2.21
CEC (meq/100 g soil) 41.38 41.60
SP (%) 78.40 78.52
SAR 4.58 4.67
N 26.20 27.10
. . P 8.70 8.55
Available nutrients K 250,60 260.40
(mg/kg)
Zn 6.15 6.00
Mn 14.10 13.75
Ca*™ 4.11 4.62
Soluble cations Mg** 1.80 1.92
(meqg/L) Na* 8.00 12.20
K* 0.59 0.46
COs™~ 0.00 0.00
Soluble anions HCOgz 2.01 2.59
(mea/L) cL 6.27 8.51
SO4~ 6.22 8.10

Data recorded
1- Cotton crop

a- Seed cotton yield and its components

The following traits were measured on ten
guarded cotton plants from each subplot at
harvest: plant height (cm), boll number per plant,
boll weight (g), 100-seed weight (g), lint boll
weight (g), and seed cotton yield per plant (g).

By harvesting the plants in sub-plot, the yield
per fed (kentar) of seed cotton (one fed = 4200 m?
and one kentar = 157.5 kg) was calculated based
on the sub-plot area. After ginning the seeds were
separated and the seed vyield/fed was weighted
(kg). By multiplying the seed protein content by
the seed yield per fed (kg), the protein yield per
fed (kg) was calculated. Seed oil content was
multiplied by seed yield per fed (kg) to determine
oil yield per fed (kg).
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b- Seed cotton quality

Chemical compositions of seed protein and oil
contents (%) were analyzed in the Physiology
Research Department at the Sakha Agricultural
Research Station, Field Crops Research Institute,
Agricultural Research Center. Seed protein
content (%) was calculated by multiplying total N
in the seed by a factor of 6.25 (He et al., 2013).
The seed oil content (%) was calculated using a
Soxhlet apparatus according to AOAC (2000).

2. Sesame crop

a- Seed yield and its components

The following traits were measured on ten
guarded sesame plants from each subplot at
harvest: plant height (in cm), number of capsules
per plant, 1000-seed weight (in grams), and seed
yield per plant (in grams). Seed vyield per fed
(ardab) (one ardab = 120 Kg) was recorded on the
basis of sub-plot area by harvesting all plants of
each sub-plot and converted to seed yield per fad.
Protein yield per fed (kg) was calculated by
multiplying seed protein content (%) by seed yield
per fed (kg). Oil yield per fed (kg) was calculated
by multiplying seed oil % by seed yield/fed (kg).

b- Seed quality

The chemical composition of the seed protein
and oil content (%), saturated and unsaturated
fatty acids, was analyzed at the Physiology
Research  Department, Sakha Agricultural
Research Station, Field Crops Research Institute,
Agricultural Research Center. The chemical
composition of the crude protein and oil content
was analyzed. The crude protein content was
calculated by multiplying the total nitrogen in the
seeds by a factor of 6.25 (He et al., 2013). Seed
oil content was determined as described in the
AOAC (2000) method, using a Soxhlet apparatus.
Identifying fatty acids composition was
determined using Gas Chromatography.

3. Competitive relationships

The following competitive relationships and
yield advantages were the Land Equivalent Ratio
(LER).

a- Land Equivalent Ratio (LER)

LER is important for measuring the efficiency
of intercropping advantages in utilizing
environmental resources compared to sole
cropping. It is calculated by adding the partial
LER for cotton and sesame crops. LER can also
be described in terms of the relative yield of
individual crops in the cropping system, and the
relative yield was quantified as stated in the

equation of Willey and Rao (1980).

LER = Yab +Yba
~ Yaa ' Ybb

Where: Yaa and Ybb were the sole crops, a
(cotton) and b (sesame), respectively. Yab is the
mixture yield of a, and Yba is the mixture yield of
the b crop. If the value of LER is> 1, LER is< 1,
or LER is = 1, then intercropping is considered to
be advantageous, disadvantageous, and neither
advantageous nor disadvantageous, respectively

b. Economic evaluations

The gross return from each treatment was
calculated in Egyptian Pounds (LE), as stated by
the Egyptian Ministry of Agriculture and Land
Reclamation,  Economic  Affairs  Sector,
Agricultural Statistics. The market price of seed
cotton yield was 12,500 LE/kantar, and sesame
was 47.5 LE/Kg, as the average for both seasons.

Net return = Total income — Total costs.

Statistical analysis

Combined analysis was done for the data of
the two seasons after homogeneity test. To find
significant differences between treatments, Steel
and Torrie's (1984) analysis of variance was
applied to all collected data. LSD was used to
compare treatment mean differences at a 5%
probability level.

RESULTS AND DISCUSSION
1. Seed cotton yield and its components

The data in Table 2 indicate significant effects
of nitrogen fertilization rates on all studied cotton
traits. The moderate nitrogen fertilization rate (75
kg N/fed), except for plant height, significantly
improved all studied cotton traits, followed
closely by the rate of 90 kg N/fed. In contrast, the
lowest values for cotton traits were recorded when
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60 kg N/fed was added. These results indicated
that low nitrogen fertilization rates slow growth
and development, which in turn leads to lower
yields. Applying 75 kg of nitrogen/fed resulted in
increases in plant height, number of bolls per
plant, boll weight, 100-seed weight, lint boll
weight, cotton seed yield per plant, and cotton
seed yield per fed were 9.46, 11.14, 16.84, 14.33,
8.70, 3.09, 19.32, and 19.49%, respectively,
compared to 60 kg nitrogen/fed.

Meanwhile, the application of 90 kg N/fed
increased plant height, number of bolls/plant, boll
weight, seed yield/plant, lint boll weight, cotton
seed yield/plant, cotton seed yield/fed and seed
yield/fed by 14.43, 6.08, 6.32, 9.58, 6.09, 1.04,

6.21, and 6.35%, respectively, compared with 60
kg N/fed. These results underscore the importance
of selecting the optimal N fertilizer rate for
achieving maximum cotton growth and yield in
intercropping systems.

The low soil concentration of accessible N (as
shown in Table 1) likely influenced these
outcomes. Adequate N levels can enhance plant
nutrient absorption, photosynthesis, and yield
components, ultimately improving crop health
and productivity. Soil testing and monitoring
plant nutrient levels are crucial for determining
the most effective N application rate in

intercropped cotton systems.

Table 2. Effect of nitrogen fertilization rates, sesame plant density, and their interaction on seed
cotton yield and its component content in the combined data across the two seasons

Treatments Plant height Bolls Boll weight

(cm) number/plant (9)
N fertilizer rates
60 kg N/fed 153.14 18.59 2.85
75 kg N/fed 167.62 20.66 3.33
90 kg N/fed 175.24 19.72 3.03
LSD at 5% significance level 0.83 0.33 0.13
Sesame plant densities
100% cotton + 12.5% sesame 162.13 19.09 2.94
100% cotton + 25.0% sesame 164.39 19.61 3.08
100% cotton + -37.5% sesame 166.38 19.86 3.09
100% cotton + 50.0% sesame 168.43 20.06 3.13
LSD at 5% significance level 0.66 0.25 0.13
Interaction

100% cotton + 12.5% sesame 150.38 17.79 2.76
60 kg 100% cotton + 25.0% sesame 152.83 18.45 2.85
N/fed 100% cotton + 37.5% sesame 153.81 18.89 2.87
100% cotton + 50.0% sesame 155.55 19.18 2.94
100% cotton + 12.5% sesame 163.54 20.25 3.09
75 kg 100% cotton + 25.0% sesame 166.77 20.67 3.52
N/fed 100% cotton + 37.5% sesame 168.68 20.78 3.34
100% cotton + 50.0% sesame 171.47 20.92 3.36
100% cotton + 12.5% sesame 172.46 19.22 2.98
90 kg 100% cotton + 25.0% sesame 173.57 19.71 3.02
N/fed 100% cotton + 37.5% sesame 176.66 19.88 3.05
100% cotton + 50.0% sesame 178.26 20.07 3.06
LSD at 5% significance level 1.07 NS 0.02
Sole cotton 179.65 20.98 3.54
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Table 2. Continued.

Lint boll Seed Seed 'Seed
Treatments 10_0—seed weight co_tton gotton yield/fed
weight (g) yield/ | yield/fed (kg)
© plant (kentar)
N fertilizer rates

60 kg N/fed 10.75 1.15 47.26 8.85 813.59
75 kg N/fed 12.29 1.25 48.72 10.56 972.22
90 kg N/fed 11.78 1.22 47.92 9.40 865.27

LSD at 5% significance level 0.02 0.02 0.04 0.07 1.49

Sesame plant densities

100% cotton + 12.5% sesame 11.22 1.16 47.67 9.21 846.55
100% cotton + 25.0% sesame 11.55 1.20 47.89 9.47 871.47
100% cotton + -37.5% sesame 11.69 121 48.03 9.74 896.92
100% cotton + 50.0% sesame 11.95 1.23 48.27 9.99 919.92

LSD at 5% significance level 0.02 0.02 0.04 0.07 1.45

Interaction

60 kg [100% cotton + 12.5% sesame 10.33 1.08 47.01 8.18 749.79
N/fed |100% cotton + 25.0% sesame 10.74 1.15 47.30 8.68 798.79
100% cotton + 37.5% sesame 10.76 1.18 47.32 8.99 827.31
100% cotton + 50.0% sesame 11.16 1.19 47.41 9.55 878.84
75 kg |100% cotton + 12.5% sesame 11.96 1.22 48.38 10.38 955.19
N/fed [100% cotton + 25.0% sesame 12.19 1.24 48.59 10.48 964.94
100% cotton + 37.5% sesame 12.45 1.25 48.78 10.67 981.88
100% cotton + 50.0% sesame 12.53 1.26 49.14 10.73 987.39
90 kg [100% cotton + 12.5% sesame 11.35 1.20 47.64 9.07 834.67
N/fed |100% cotton + 25.0% sesame 11.73 1.21 47.78 9.25 851.23
100% cotton + 37.5% sesame 11.87 1.22 47.99 9.58 881.59
100% cotton + 50.0% sesame 12.15 1.23 48.25 9.71 893.55

LSD at 5% significance level 0.04 0.03 0.80 0.80 1.74
Sole cotton 12.55 1.27 49.52 10.98 1010.16

These results, confirmed by another study,
indicate that the optimal N-fertilizer dosage is 75
kg N per feddan, followed by 60 kg N per fed,
administered in three equal doses, to achieve
excellent productivity (Abdel-Aal et al., 2019).
According to Ibrahim et al. (2022), applying
100% N (142.8 kg N/ha) fertilizer resulted in the
highest lint cotton production, while applying
125% N fertilizer to the Giza 97 cotton cultivar
resulted in the highest seed cotton yield under the
conditions of the Sakha region in Kafr EI-Sheikh
Governorate. These findings align with previous
research by Ghoprial et al. (2021), Dhaliwal et al.

(2022), Kotadiya et al. (2023), and Hussain et al.
(2025).

The densities of sesame plants had a
significant effect on seed cotton yield and yield
components (Table 2). The results indicated that
increasing the density of sesame plants from
12.5% to 50% resulted in a notable improvement
in plant height, boll number per plant, boll weight,
seed cotton yield per plant, fiber boll weight, seed
cotton yield per plant, and seed cotton yield per
fad. These data show that intercropping sesame
with cotton at higher densities, 37.5% or 50%, can
enhance cotton growth and yield.
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The positive effects of higher sesame plant
density on cotton properties highlight the
potential benefits of utilizing intercropping
techniques in agricultural practices. Higher
sesame plant density could potentially increase
productivity by controlling weeds or pests in
cotton fields. As previously noted by Awad et al.
(2023), the intensification pattern of sesame with
cotton may have obvious impacts on pest control.
These results suggest that farmers can benefit
from incorporating intercropping practices to
enhance their agricultural yields. Furthermore,
these findings could be attributed to intraspecific
competition having a greater negative impact than
interspecific competition for nutrients, water, and
light. According to Adler et al. (2018), sometimes
intraspecific competition typically has negative
effects, but interspecific competition can result in
positive outcomes. These results are similar to
those obtained by EI-Shamy et al. (2021), Koriem
(2023), and Sathishkumar et al. (2023).

Interaction between N fertilization rates
and density of sesame plants

The data in Table 2 show that the interaction
between N fertilizer rates and sesame plant
densities significantly affected the yield and yield
components of cotton, except for the number of
bolls per plant. The highest values of plant height,
boll weight, 100-seed weight, lint boll weight,
seed cotton yield per plant, and seed cotton yield
per fad were produced by a 75 kg N/fed fertilizer
rate along with a plant density of 50.0%, followed
closely by a 33.3% sesame plant density.

a. Seed cotton quality

The data in Table 3 indicate significant
differences in nitrogen fertilization rates
concerning protein percentage and protein yield
per fad, oil percentage and oil yield per fad. The
highest values for cotton characteristics were
achieved at a fertilizer rate of 75 kg nitrogen/fed,
which increased  the above-mentioned
characteristics, compared to 60 kg N/fed by 10.61,
31.69, 7.28, and 27.83%, respectively. These
results indicate that increasing nitrogen
fertilization rates above 75 kg N/fed may not
significantly improve cotton seed quality. So,

farmers should carefully consider the most
effective nitrogen fertilization rate to improve
cotton seed quality.

Significant effects of sesame plant density on
protein and oil yields per fed were observed, as
shown in Table 3. However, seed protein and oil
content (%) were not significantly affected by
plant densities of sesame. Further, interaction
effects between nitrogen fertilization rates and
sesame plant density on cotton seed quality were
not significant (Table 3). These results indicate
that sesame plant density or the interaction
between nitrogen fertilization rates and sesame
plant density has no significant impact on the
quality of cotton seeds.

2. Sesame seed vyield and its
components

Plant height, number of capsules/plant, 1000
seed weight, seed yield per plant, and seed yield
per fad were affected by nitrogen fertilization
rates (Table 4). The highest nitrogen fertilization
rate (90 kg N/fed) significantly improved plant
height compared to other fertilization rates. In
contrast, the nitrogen fertilization rate (75 kg
N/fed) recorded the highest values of seed yield
and its components. Increasing the nitrogen
fertilization rate up to 90 kg N/fed may lead to
excessive vegetative growth in sesame. This
negatively affects fruit development. Golan et al.
(2022) obtained similar results, finding that the
nitrogen excess and deficiency in terraces can
significantly  increase  plant  productivity.
Applying 75 kg N/fed increased plant height,
number of capsules/plant, 1000 seed weight, and
seed yield/fed by 15.12, 20.35, 10.57, and
10.46%, respectively, compared to 60 kg N/fed.

Sesame plant density had a significant effect
on seed yield and its components (Table 4). The
results indicated that increasing sesame plant
density from 12.5% to 50% resulted in significant
improvements in plant height, number of
capsules/plant, 1000-seed weight, and seed
yield/fed. These improvements amounted to
11.94, 5.69, 8.27, and 268.46%. The results
indicate that increasing sesame plant density can
enhance  productivity and  improve its
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components. These results confirm the benefits of
improving plant density in increasing agricultural
production in mixed cropping systems.

The data in Table 4 indicate significant
differences between the interaction of nitrogen
fertilization rates and sesame plant density in the
number of capsules, 1000 seed weight, and crop
productivity per fed. However, there were no

significant differences of the interaction on plant
height and seed vyield per plant. These results
suggest that the interaction between nitrogen
fertilization rates and sesame plant density has a
more pronounced effect on some productivity-
related traits than others. Further analysis may be
necessary to understand the specific factors
influencing these results.

Table 3. Effect of seed cotton quality as affected by N fertilizer rates, sesame plant densities, and their
interaction on content in the combined data across the two seasons.

Treatments i?)?](:tje?]:o(ge/:g P;?et If::n igﬁ?ezltl (()l:é/):‘:ee(;?
(kg/fed) (%)
N fertilizer rates
60 kg N/fed 24.02 195.42 18.28 148.72
75 kg N/fed 26.58 258.42 19.61 190.65
90 kg N/fed 26.05 225.40 18.87 163.28
LSD at 5% significance level 1.64 26.04 0.99 16.16
Sesame plant densities
100% cotton + 12.5% sesame 24.48 207.24 18.26 154.58
100% cotton + 25.0% sesame 25.63 223.36 19.06 166.10
100% cotton + -37.5% sesame 25.94 232.66 19.11 171.40
100% cotton + 50.0% sesame 26.12 240.28 19.25 177.08
LSD at 5% significance level NS 2263 NS 15.51
Interaction
60 kg |100% cotton + 12.5%sesame 21.59 161.88 16.63 124.69
Nffed 17009cotton +25.0% sesame 24.39 19482 18.78 150.01
100% cotton + 37.5% sesame 24.86 205.67 18.82 155.70
100% cotton + 50.0% sesame 25.27 222.08 18.88 165.92
75 kg |100% cotton + 12.5% sesame 26.12 249.50 19.46 185.88
Nffed  [100% cotton + 25.0% sesame 26.47 255.42 19.58 188.94
100% cotton + 37.5% sesame 26.82 263.34 19.63 192.74
100% cotton + 50.0% sesame 26.91 265.71 19.78 195.31
90 kg |100% cotton + 12.5% sesame 25.73 214.76 18.68 155.92
Nffed  [100% cotton + 25.0% sesame 26.01 221.40 18.81 160.12
100% cotton + 37.5% sesame 26.12 230.27 18.89 166.53
100% cotton + 50.0% sesame 26.32 235.18 19.08 170.49
LSD at 5% significance level NS NS NS NS
Sole cotton 26.92 271.94 19.79 199.91
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Table 4. Effect of nitrogen fertilization rates, sesame plant density, and their interaction on sesame
seed yield and its components in the combined data across the two seasons.

Plant . Seed
Treatments height caNplsJLrJrl]:)se/;I?:l fnt vlvg(i)gﬁe(ego)l Spelzc:li/l(zl)d/ yield/fed
(cm) (kg)
N fertilizer rates

60 kg N/fed 136.84 45.78 3.76 8.61 232.36
75 kg N/fed 153.75 55.10 4.61 9.52 256.66
90 kg N/fed 157.53 48.26 3.93 8.27 218.38

LSD at 5% significance level 3.87 2.26 1.94 NS 0.35

Sesame plant densities

100% cotton + 12.5% sesame 141.13 48.29 3.99 8.55 99.77
100% cotton + 25.0% sesame 145.91 49.32 4.07 8.73 181.56
100% cotton + -37.5% sesame 152.46 50.18 4.00 8.89 292.74
100% cotton + 50.0% sesame 157.99 51.04 4.32 9.04 367.62

LSD at 5% significance level 2.71 2.61 5.86 NS 0.40

Interaction

60 kg |100% cotton + 12.5% sesame | 128.08 44.10 3.65 8.36 102.03
N/fed 1100% cotton + 25.0% sesame | 134.30 45.73 3.85 8.56 179.67
100% cotton + 37.5% sesame 138.53 46.21 3.60 8.67 287.87
100% cotton + 50.0% sesame 146.48 47.07 3.92 8.84 359.87
75 kg |100% cotton + 12.5% sesame 145.87 53.85 4.47 9.21 108.03
N/fed |1009% cotton + 25.0% sesame | 149.18 54.52 4.49 9.44 191.70
100% cotton + 37.5% sesame 157.22 55.73 4.60 9.56 323.61
100% cotton + 50.0% sesame 162.74 56.32 4.91 9.86 403.30

90 kg |100% cotton + 12.5% sesame 149.44 46.94 3.90 8.08 97.41
N/fed 11009 cotton + 25.0% sesame | 154.26|  47.72 3.87 8.2 173.30
100% cotton + 37.5% sesame 161.63 48.67 3.82 8.34 266.74
100% cotton + 50.0% sesame 164.76 49.73 4.14 8.44 339.70

LSD at 5% significance level NS 3.72 9.96 NS 0.57
Sole sesame 166.47 56.51 4.99 8.36 800.00

a-Sesame seed quality

The data in Table 5 indicate significant
differences in nitrogen fertilization rates, protein
percentage and protein yield per fed, and oil
percentage and oil yield per fad of sesame. These
results highlight the effect of nitrogen fertilization
rates on the qualitative sesame crops, with
percentages reaching 5.06, 16.03, 5.03, and
16.02%. The highest values for sesame
characteristics were achieved at a fertilization rate
of 75 kg nitrogen/fed compared with 60 kg N/fed.
These results indicate that increasing nitrogen
fertilization rates above 75 kg N/fed can

significantly improve sesame seed quality.
Farmers should carefully consider the most
effective nitrogen fertilization rate for improving
sesame seed quality.

There are significant effects of sesame plant
density on seed quality of sesame Table (5).
Increasing sesame plant density from 25% up to
50% increased seed protein content, protein
yield/fed, oil seed %, and oil yield /fed by 2.87%,
279.09%, 0.88%, and 271.75%, respectively. This
result may be attributed to the increasing plant
densities of sesame, which increase intraspecific
competition and reduce the photosynthetic
capacity and carbohydrate storage in the seeds,
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potentially leading to a higher concentration of
protein and oil in the seeds. Caliskan et al. (2004)
showed that increasing sesame plant density
significantly increases the seed oil content % and
yields of protein and oil / ha.

The data in Table 5 indicated that the
interaction between nitrogen fertilization rates
and sesame plant density has a significant effect
on sesame seed quality. A combination of a
fertilization rate of 75 kg N/fed with 50% plant
density of sesame had the highest values of
sesame seed quality. Conversely, the lowest
values of seed quality were recorded with
fertilization rate of 60kg N/fed and 25% sesame
plant density.

The data in Table 5 showed significant effects
of nitrogen fertilization rates on seed quality traits
and fatty acid content. The highest nitrogen
fertilization rate (75 kg N/fed) significantly
improved the fatty acid content (linoleic, oleic,
stearic, and palmitic). Conversely, the lowest
values for seed quality traits were observed with
the addition of 60 kg N/fed. The addition of 75 kg
N/fed significantly increased caprice, linolenic,
linoleic, oleic, stearic, and palmitic fatty acids by
13.79, 58.05, 15.91, 3.08, 2.90, 4.87, and 1.77%,
respectively, compared to the addition of 60 kg
N/fed.

Table 5. Effect of seed cotton quality and fatty acids content as affected by N fertilizer rates, sesame
plant densities, and their interaction on content in the combined data across the two seasons

. Protein Seed oil o
Treatments Scﬁil(:e?qrto(t% r)1 yield/fed content Oil )Z:f;]()j/fed
(kg) (%)
N fertilizer rates
60 kg N/fed 23.89 55.51 48.72 113.19
75 kg N/fed 25.10 64.41 51.17 131.32
90 kg N/fed 26.74 58.38 53.63 117.12
LSD at 5% significance level 0.12 0.60 2.84 0.39
Sesame plant densities
100% cotton + 12.5% sesame 25.07 25.01 50.98 50.86
100% cotton + 25.0% sesame 25.38 46.08 51.70 93.86
100% cotton + 37.5% sesame 25.63 75.01 51.69 151.32
100% cotton + 50.0% sesame 25.79 94.81 51.43 189.07
LSD at 5% significance level 0.15 0.50 1.53 0.03
Interaction

60 kg|100% cotton + 12.5% sesame 23.63 24.11 46.34 47.28
N/fed|1009% cotton + 25.0% sesame 24.24 43.54 49.04 88.10

100% cotton + 37.5% sesame 2451 70.56 50.40 145.09

100% cotton + 50.0% sesame 24.90 89.61 50.12 180.35
75 kg|100% cotton + 12.5% sesame 26.13 28.22 54.44 58.81
N/fed|1009% cotton + 25.0% sesame 26.13 50.09 54.23 103.95

100% cotton + 37.5% sesame 26.55 85.90 53.35 172.65

100% cotton + 50.0% sesame 26.65 107.46 53.14 214.29

100% cotton + 12.5% sesame 26.48 25.79 52.18 50.82
90 kg|100% cotton + 25.0% sesame 25.25 43.76 51.85 89.85
N/fed|1009% cotton + 37.5% sesame 25.46 67.91 51.33 136.92

100% cotton + 50.0% sesame 25.76 87.51 51.05 173.40
LSD at 5% significance level 0.26 0.85 2.60 0.06
Sole sesame 26.60 212.76 54.39 435.12
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Table 5. Continued.

Fatty acids contents in sesame seed (%)

Treatments CapricelArachidic| Linolenic | Linoleic| Oleic | Stearic | Palmitic

(%) (%) (%) (%) (%0) (%0) (%)
N fertilizer rates
60 kg N/fed 0.58 6.84 0.44 |45.10 | 32.75 4.10 10.19
75 kg N/fed 0.66 | 3.97 051 |46.49 | 33.70 4.30 10.37
90 kg N/fed 0.62 6.52 0.49 |44.86 | 32.97 4.25 | 10.29
LSD at 5% significance level 0.29 0.03 0.01 0.29 1.99 0.02 | 0.02
Sesame plant densities
100% cotton + 12.5% sesame 0.60 | 5.38 0.46 |45.02 | 34.17 4.15 10.22
100% cotton + 25.0% sesame 0.61 4.72 0.48 4552 | 34.21 4.20 10.26
100% cotton + 37.5% sesame 0.63 3.77 0.49 45.87 | 34.69 4.25 10.30
100% cotton + 50.0% sesame 0.63 3.55 0.50 4593 | 34.76 4.28 10.35
LSD at 5% significance level 0.24 0.03 0.01 0.35 NS 0.01 0.01
Interaction

60 kg|100% cotton + 12.5% sesame | 0.55 9.85 0.42 42.89 | 32.19 4.01 10.09
N/fed|1009% cotton + 25.0% sesame | 0.57 | 9.28 | 0.44 |4291 | 3256 | 4.08 | 10.16
100% cotton + 37.5% sesame | 0.60 9.04 0.45 42.92 | 32.59 4.16 10.24
100% cotton + 50.0% sesame | 0.59 | 8.56 0.46 |42.97 | 32.96 4.18 10.28
75 kg|100% cotton + 12.5% sesame | 0.64 151 0.48 47.06 | 35.72 4.25 10.34
N/fed|1009% cotton + 25.0% sesame | 0.66 | 1.12 | 050 [47.35 | 3572 | 428 | 10.37
100% cotton + 37.5% sesame | 0.67 | 0.53 0.53 | 47.76 | 35.82 4.32 10.37
100% cotton + 50.0% sesame | 0.67 0.20 0.54 47.85 | 35.94 4.36 10.44
90 kg|100% cotton + 12.5% sesame | 0.60 | 5.80 0.47 45.20 | 33.49 4.18 10.26
N/fed|1009% cotton + 25.0% sesame | 0.61 | 433 | 0.48 (4570 | 3436 | 425 | 10.27
100% cotton + 37.5% sesame | 0.63 | 3.71 0.50 |45.73 | 34.85 4.28 10.30
100% cotton + 50.0% sesame | 0.64 | 3.45 0.51 |45.80 | 34.97 4.30 10.33
LSD at 5% significance level 0.49 NS NS 0.54 NS 0.02 0.02
Sole sesame 0.68 | 0.07 0.54 |47.89 | 35.99 4.38 10.45

Sesame plant density had a significant effect
on saturated and unsaturated fatty acids (Table 5).
Except for oleic acid, increasing sesame plant
density from 12.5% to 50% resulted in an increase
in seed content of caprice, arachidic, linolenic,
linoleic, oleic, stearic, and palmitic with a ratio of
5.00, 65.98, 8.69, 2.02, 3.13, and 1.27%,
respectively. These results suggest that increasing
plant density may change the accumulation of
saturated and unsaturated fatty acids in sesame
seeds.

The interaction between nitrogen fertilization
and the sesame plant significantly affected the
saturated and unsaturated fatty acid content of

caprice, linoleic, stearic, and palmitic acids (Table
5). This indicates that the combination of the
second nitrogen fertilization rate (75 kg N) and the
highest sesame plant density (50%) can positively
affect the contents of caprice, linolenic, and oleic
acids in sesame seeds.

3. Competitive relationships

a.LER

The interactions between N fertilizer rates and
sesame plant densities in the intercropping system
of sesame and cotton, as well as the competitive
relationships, are shown in Table 6. Except for the
12.5% sesame plant density, the other
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intercropping treatments had LER values greater
than one, which confirms the high efficiency of
the suggested intercropping system. The same
table also indicated that increasing the plant
density of sesame maximized LER, especially at
75 kg N/fed, followed by 90 kg N/fed. The highest
LER value of 1.48 was achieved by intercropping
cotton at 100% and sesame at 50.0% with a
nitrogen fertilizer rate of 75 kg/fed. Conversely,

the intercropping system (100% cotton + 12.5%
sesame) at an N fertilizer rate of 60 kg/fed per
season exhibited the lowest LER. This suggests
that intercropping cotton at 100% and sesame at
50.0% with a 75 kg N/fed fertilizer rate may be
more beneficial in terms of LER compared to the
system of 100% cotton + 12.5% sesame with an
application of 90 kg N/fed. These findings align
with Saad et al. (2022).

Table 6. Effect of LER of intercropping sesame with cotton as affected by the interaction between N
fertilizer rates and sesame plant densities on content in the combined data across the two

seasons
LER
Treatments

Lc Ls LER
100% cotton + 12.5% sesame 0.74 0.13 0.87
60 kg 100% cotton + 25.0% sesame 0.79 0.22 1.02
N/fed |1100% cotton + 37.5% sesame 0.82 0.36 1.18
100% cotton + 50.0% sesame 0.87 0.45 1.32
100% cotton + 12.5% sesame 0.95 0.14 1.08
75 kg 100% cotton + 25.0% sesame 0.95 0.24 1.19
N/fed |100% cotton + 37.5% sesame 0.97 0.40 1.38
100% cotton + 50.0% sesame 0.98 0.50 1.48
100% cotton + 12.5% sesame 0.83 0.12 0.95
90 kg 100% cotton + 25.0% sesame 0.84 0.22 1.06
N/fed 1100% cotton + 37.5% sesame 0.87 0.33 1.21
100% cotton + 50.0% sesame 0.88 0.42 1.31

b. Economic evaluation

The data in Table 7 shows that the total income
and net return for treatments combining N
fertilizer rate and sesame plant densities in an
intercropping system of sesame with cotton were
higher compared to sole planting of cotton and
sesame.

The intercropping system of 100% cotton +
50% sesame, with the application of 75 kg N/fed,
resulted in the highest total income (153,284 LE)
and net return (73,088 LE). On the other hand,
applying an N fertilizer rate of 60 kg/fed to the

intercropping system (100% cotton + 12.5%
sesame) resulted in the lowest total income
(107,099 LE) and net return (67,388 LE). These
results indicate that the intercropping system of
100% cotton + 50% sesame with the application
of 75 kg N/fed is more profitable than the other
treatments and could be recommended. These
findings underscore the significance of nitrogen
fertilizer rates and intercropping ratios in
determining the economic outcomes of cotton-
sesame intercropping systems. Farmers should
carefully consider these factors to increase their
profits.
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Table 7. Effect of economic evaluation of intercropping sesame with cotton as affected by N fertilizer
rates and sesame plant densities components in the combined data across the two seasons

Actual Actual Total Total Net
Treatments COttanEEd Sesame income cost return
yield seed yield
(LE) (LE) (LE) (LE) (LE)
100% cotton + 12.5% sesame 102250 4846 107099 | 67388 | 39712
60 kg [100% cotton + 25.0% sesame 108500 8534 117037 | 68763 | 48275
N/fed  100% cotton + 37.5% sesame 112375 13674 126052 | 69853 | 56199
100% cotton + 50.0% sesame 119375 17094 136472 | 71318 | 65154
100% cotton + 12.5% sesame 129750 5131 134884 | 70688 | 64196
75kg [100% cotton + 25.0% sesame 131000 9106 140108 | 71463 | 68646
N/fed  100% cotton + 37.5% sesame 133375 15371 148749 | 72373 | 76377
100% cotton + 50.0% sesame 134125 19157 153284 | 73088 | 80197
100% cotton + 12.5% sesame 113375 4627 117994 72223 45772
90 kg [100% cotton + 25.0% sesame 115625 8232 123849 | 73118 | 50732
N/fed  100% cotton + 37.5% sesame 119750 12670 132413 | 74238 | 58175
100% cotton + 50.0% sesame 121375 16136 137503 | 75058 | 62446
Sole cotton 137250 - - 110340 26910
Sole sesame 38025 - 18925 19100
CONCLUSION intercropping dates with cotton on agronomic

It can be concluded that the intercropping
system of 100% cotton + 50% sesame with the
application of 75 kg N/fed led to a decrease in the
competitive pressure between cotton and sesame
crops for basic growth resources and increased
seed yield and quality of as well as LER and
economic net return in the North Delta region of

Egypt.

REFERENCES

Abdel-Aal, A.S.; Emara, M.A. and Hamada,
M.M. (2019). Effect of different N-fertilizer
levels and fertilizers splitting on growth and
productivity of Giza 94 cotton cultivar. East
African Scholars Journal of Agriculture and
Life Sciences, 2 (6): 323 — 329.

AOAC (2000). Official Methods of Analysis of
AOAC Int. 17th Ed. by Horwitz, W. Suite
(ed.) Vol. (2), Chapter, (41): 66-68.

Awad, M.; Abdelsatar, M. and lbrahim, M.
(2023). Impact of different sesame

performance and insect pest's infestation.
Moroccan Journal of Agricultural Sciences,
4(1): 1-10.

Berhe, M.; Subramanyam, B.; Demissie, G.;
Chichaybelu, M.; Abera, F.A.; Mahroof, R.
and Harvey, J. (2023). Effect of storage
duration and storage technologies on pest
infestations and post-harvest quality loss of
stored sesame seeds in Ethiopia. Journal of
Stored Products Research, 103, 102161.

Caliskan, S.; Arslan, M.; Halis, A. and Isler, N.
(2004). Effect of Planting Method and Plant
Population on Growth and Yield of Sesame
(Sesamum indicum L.) in a Mediterranean
Type of Environment. Asian J. Plant Sci., 3:
610-613.

Dhaliwal, S.S.; Sharma, V.; Shukla, A.K.; Verma,
V.; Kaur, M.; Shivay, Y.S.; Nisar, S.; Gaber,
A.; Brestic, M.; Barek, V. and Skalicky, M.
(2022). Bio fortification A Frontier Novel
Approach to Enrich Micronutrients in Field

258



El-Hindawy and Koriem,

Rationalization of Mineral Nitrogen Fertilization and Its impactson .........

Crops to Encounter the Nutritional Security.
Molecules, 27(4): 1340.

Donyavian, H.R.; Raii, Y. and Jokar, M. (2018).
Land equivalent ratio (LER), and competition
indices in cotton (Gossypium hirsutum)—
sesame (Sesamum indicum) intercropping
system. Egyptian Academic Journal of
Biological Sciences (A. Entomology), 11(2):
81-88.

El-Shamy, M.A.; El-Tahawe, H.S. and Farag,
A.A. (2023). Impact of Cotton Intercropping
with Cowpea and Insecticides on Crops
Characteristics and Infestation with Aphis
gossypii and  Pectinophora  gossypiella.
Middle East Journal of Agricultural Research,
12(1): 163 - 173.

El-Shamy, M.A.; El-Mansoury, M.A. and ElI-
Bialy, M.A. (2021). Effect of sowing dates,
plant density of sesame and intercropping on
yield and vyield components of cotton and
sesame. Alexandria Science Exchange
Journal, 42(JANUARY-MARCH): 179-190.

Emara, M.A. and Abdel-Aal, A.S. (2017). Effect
of foliar application with seaweed extract and
micronutrients under different NPK fertilizer
levels on growth and productivity of
promising hybrid cotton Giza (86 X 10229).
Egyptian Journal of Applied Science, 32 (12
B): 459 - 473.

Ghoprial, M. (2018). Effect of population density
and nitrogen fertilizer levels on growth, yield
components, yield, and fiber properties of
Egyptian cotton (Giza 95). Annals of
Agricultural Science, Moshtohor, 56(1): 13 —
26.

Ghoprial, M.A.S.; Sedhom, S.A.; Emara, M.A.A;
El-Gedwy, E.M.M. and Mehasen, S.A.S.
(2021). Effect of planting patterns and NK
fertilizers levels under two planting date on
yield and yield components of Egyptian cotton
in Middle Egypt. Annals of Agricultural
Science, Moshtohor, 59 (3): 727 — 734.

Golan, E.; Peleg, Z. and Erel, R. (2022). Sesame
response to nitrogen management under
contrasting water availabilities  oilcrop
science, 7(4): 166-173.

He, Z.; Cao, H.; Cheng, H.N.; Zou, H. and Hunt,
J.F. (2013). Effects of vigorous blending on
yield and quality of protein isolates extracted
from cottonseed and soy flours. Modern
Applied Science, 7(10): 79 — 88.

Hussain, I.; lkram, R.M.; Ahmad, S.; Iqgbal,
H.M.W.; Munawar, S.; Hammad, H.M. and
Ghaffar, A. (2025). Exploring interactive
effect of nitrogen and zinc for enhancing
cotton productivity in arid climate. Journal of
Plant Nutrition, 1 — 12.

Ibrahim, 1. A.; Yehia, W. M.; Saleh, F. H;
Lamlom, S. F.; Ghareeb, R. Y.; El-Banna, A.
A. and Abdelsalam, N. R. (2022). Impact of
plant spacing and nitrogen rates on growth
characteristics and yield attributes of Egyptian
cotton (Gossypium barbadense L.). Frontiers
in Plant Science, 13, 916734.

Kadam, P.S.; Chavan, M.G. and Game, V.N.
(2015). Effect of plant density on growth,
yield and quality of sesame (Sesamum indicum
L.) varieties grown in lateritic soils of Konkan.
Journal of the Indian Society of Coastal
Agricultural Research, 33(1): 29 — 33.

Koriem, M.H. (2023). Effect of intercropping
different plant densities of sesame with maize
and foliar fertilization on the productivity of
both crops. Menoufia Journal of Plant
Production, 8(9): 189 — 208.

Kotadiya, P.B.; Leva, R.L.; Usdadia, V.P.;
Chaudhary, B.J. and Chudasama, S.D. (2023).
Biological Indices Influenced by Sesame
Based Intercropping System with Different
Levels of Nitrogen. International Journal of
Plant & Soil Science, 35(19): 1662-1670.

Lamlom, M.M.; Abdel-Wahab, Sh.l.; Abdel-
Wahab, T.l. and Ibrahim, M.A.A. (2020).
Impact of different cropping systems on seed
yield and quality of Egyptian cotton. Plant
Archives, 20 (1): 1003 - 1013.

Page, A.L.; Mille, R.H. and Keeney, D.R. (1982).
Methods of soil analysis. Part 2. Chemical and
Microbiological properties 2" ed. American
Soc. of Agronomy, Inc. Soil Science Society
of America, Inc. Madison, Wisconsin, USA,
1159.

259



El-Hindawy and Koriem,

Rationalization of Mineral Nitrogen Fertilization and Its impactson .........

Panhwar, R.B.; Akbar, A.; Panhwar, B.U,;
Panhwar, G.A. and Bai-li, F. (2018). Effects of
plant spacing and nitrogen fertilizer levels on
cotton yield and growth. International Journal
of Environmental Science and Technology, 7
(1): 313-324.

Saad, A.H.; El Naim, AM.; Ahmed, AA,;
Ibrahim, K.A.; Islam, M.S.; Al-Qthanin, R.N.
and Idris, A.M. (2022). Response of sesame to
intercropping with groundnut and cowpea.
Communications in Soil Science and Plant
Analysis, 53(17): 2285-2296.

Sathishkumar, A.; Subramanian, E.; Selvarani, G.
and Rajesh, P. (2023). Productivity and
economics of cotton under different weed
management practices and intercropping

systems. Indian Journal of Weed Science,
55(4): 403-409.

Singh, J.; Venugopalan, M.V. and Mannikar,
N.D. (2000). Soil fertility and crop
productivity changes due to cotton based
cropping system under rainfed condition.
Journal of Indian Society of Soil Science,
48(2): 282 — 287.

Steel, R.G.D. and Torrie, J.H. (1984). Principles
and Procedures of Statistics—A Biometrical
Approach. 2nd Ed. McGraw Hill Book Co.,
Singapore: pp.172-177.

Willey, RW. and Rao, M.R. (1980). A
competitive ratio for quantifying competition
between intercrops. Exp. Agric., 17: 257-264.

260



El-Hindawy and Koriem, Rationalization of Mineral Nitrogen Fertilization and Its impactson .........

M\&M\M@J&bﬂb@&d\@ﬁjﬁ‘%ﬂ\gﬁﬂ

(Y)ﬁJS.\AMMlAAAMc(‘)@JHl@\WeM\AQG '~

e — 5 3all - dae ) )3l Gsanll S e Glaill &gan dgae — Al 3 i laall a4 ()
w—ﬁﬁ\—#‘)}\&ﬂ\ﬁf—ﬂhﬂ\d&m\;ﬂ\%—éw\m\QFM(V)
‘_,,,ﬂ\uasid\

Criaais Yo Y€ Y oYY avge A ¢ yomay gl i€ Adailaay dae) ) 3l s & gy ddana 8 Alia 4 2 oy ol
gyl aleudl JLY) Jarall masd ) Al all oda Chdaa (%C5 5 YV,0 ¢ Yo, 1Y,0) anandl J guasal
B ilall 5 (2 ;Y 2% 3ol 5 Aleaal) Jualaall Aaliif 53 51 pladll e Joaal) pusansdl  Tiall 4Ll 28U
& Cun ) e gl 8 Baal 5 e Addial adaill apenal o Shan) araaill Al Al 8 a5 Gl Jlad dilaie b
(&) gl oLl

e s 700 4 ka8 7Y v v Al de) 0 HUas DA (e Gl ae asand] ety Al ef e Jpanll
Jaalaall 535 5 Apalis) 5aly 3 ) Glld ol 35 Adaiadll jeda o sall (a1 0 Ailis o 3 sa IS il Janay
Ay clailall 5 Y1 aladind 5ol 30l 3 ) ASLaYL cdlesall

(gAY ailall 5 (Y1 Il S Jana ¢ 5 53 5a ¢ Jranill 1AL CiLalSY)

261



