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Effect of Plant Density on the Performance of Some Sesame (Sesamum indicum L)
Cultivars under Rain fed
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Abstract: A field experiment was conducted during 2004/2005 rainy season at two locations (Fertangol
and Kordofan University farm) in Sheikan District, North Kordofan State, Sudan, to investigate the effects
of four levels of plant population on the performance of  three cultivars of sesame (Sesamum indicum
L): namely, Elobeid-1, Promo and Hirhri. The plants were sown at four plant densities: 83,333, 125,000,
166,666 and 249,999 plants ha-1. The results indicated that there were no significant differences in plant
height, stem diameter, days to 50% flowering and maturity between plant densities. Increasing plant
density significantly decreased the number of branches per plant, decreased the number of capsules per
plant and seed yield per plant, but led to increased seed yield per unit area. There were no significant
differences in harvest index between plant densities. The differences between the three cultivars were
significant in some studied characters. Promo cultivar was taller, had longer capsule length, higher number
of capsules per plant and number of seeds per capsule and had a lesser 1000seed weight. There were no
significant differences in seed yield and harvest index between cultivars.
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INTRODUCTION

Sesame (Sesamum indicum L), is probably the
most ancient oil seed crop. It is known under different
names in different countries viz: simsim, benniseed, til,
gingelly and a jonjoli[17,16,31].

Sesame is one of the main cash crops of the
Sudan; beside its value as a source of high nutritive
seed value[17]. The Sudan occupies the third rank as
world producer; nevertheless it is considered as the
first world exporter of sesame seeds. In the Sudan,
sesame is a very important oil crop, both for local
consumption and export. The crop also is one of the
major foreign currency earners[16, 24]. Sesame seed is a
rich source of oil, protein, phosphorus and calcium[30].
Khatab and Khidir[15] reported that oil percentages range
from 43.7-56.2 and protein percentage from 22.3-32.9
with approximate averages 50 and 27, respectively for
90 local cultivars, grown at two different sites in the
Sudan for two years. Sesame seed is used in a wide
variety of foods, such as confectioneries, cakes and
pastries. The high grades of oil are used for cooking
margarine manufacturing and in pharmaceutical
industries while, the lower grades are used in soap

manufacturing. The cake, obtained after oil extraction,
is used for animal feed, as supplementary food for
humans and as a fertilizer [30].

The annual production of the Sudan amounts to
13.5% of the total world production and about 50% of
the African production [16].

Sesame is almost entirely cultivated under rainfed
in the Sudan.  It is grown in the 300 - 600 mm rainfall
areas and with 500 mm excellent crops are produced.
However, a rainfall up to 850 mm can be tolerated if
soils are well drained. The total area of production
varies from one year to another, mainly due to
fluctuations of rainfall, cultural practices, cultivars and
prices [16,19,25]. Previous studies indicated that sesame
cultivars are variable in their response to plant density
[1,17]. The current study carried out to evaluate the
performance of three cultivars under different planting
densities under rainfed in sandy soil.

MATERIALS AND METHODS

A field experiment was conducted during
2004/2005 season under rainfed at two locations in
North Kordofan state, located between latitude 11ْ 15
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and 16ْ 30 N and longitudes 27ْ and 32ْ E which were: 
Kordofan University Farm and Fertangol Farm (62 km
south of Elobeid).

The climate of the area is arid and semiarid zone.
The soil is sandy with low fertility. Annual rainfall
ranges between (350-500 mm). Average maximum
daily temperatures varied between 30ْ to 35ْ C most of
the year [28].

Three cultivars of sesame; namely, Elobeid1,
Promo and Hirhri (designated asV1, V2 and V3

respectively) were used in the experiment. The plants
were sown at four planting population densities: 83,333
(60×20×1), 125,000 (60×40×3), 166.666 (60×20×2),
and 249,999 plants ha-1 (60 cm×20 cm×3 plants)
designated as P1, P2, P3 and P4 respectively. The
experiment was laid out in a Randomized Complete
Block Design (RCBD) with four replications. The plot
size was 4 × 3 meters.

Sowing dates were on the third and fourteenth of
July for Fertangol and University farm respectively.

Seeds were sown on lines; spaced at 60cm
between rows and 20 within row. Ten seeds were
placed in each hole. After two weeks from sowing
seedlings were thinned to one, two and three plants per
hole according to populations needed. The plots were
weeded twice, the first one after two weeks from
sowing and the second after four weeks from sowing.

Growth Attributes: A sample of five plants was taken
at random from each experimental plot at   45 days
after sowing, then continued at an interval of 14 days
to measure the following growth parameters.

Plant height (cm): The height of the main stem
from ground level to the tip of the plant.

Stem diameter (cm): measured by using a vernier
(caliper) at the third node.

Number of branches/plant: was determined by
counting the number of primary reproductive branches.

Phenological Attributes: Days to 50% flowering.
The number of days from sowing to the time when

50 percent of the plants within the plot bear at least
one flower each.

Days to 50% physiological maturity.
Time to 50% physiological maturity was taken as

the number of days from planting till 50% of the plants
in the plot became yellow, shed their leaves and the
lowest capsules on the stem were about to split open. 

Yield Attributes: Seven plants were randomly selected
from the inner rows in all plots. From these the
following parameters were measured:
First capsule height (cm)

Number of capsules per plant (at maturity).
Meanwhile, ten capsules were picked at random

from these seven plants, put in a small envelope bag,
and then the following characters were determined:
Capsule length (cm).

Number of seeds per capsule.
The seven selected plants, mentioned above, were

cut, put in an envelope and dried naturally in the lap.
Their seeds were added to their respective seeds of the
ten capsules in the small bags and weighed. Then
average seed yield per plant (g) was determined. 1000-
seed weight (g) was estimated by counting 1000-seeds
at random from each plot four times and weighed using
a sensitive balance. The final seed yield (t/ha) was
determined as follows:-

Seed Yield (t ha-1) = seed weight (ton)
     of plot X 10000
    )))))))))))))))

           Harvested plot area (m2)

Harvest index was determined by using the
fallowing formula:-

Harvest index = Economical Yield
(seed yield/plant)  X 100

          )))))))))))))
Biological yield (shoot dry weight)

Statistical Analysis: Data were analyzed statistically
using analysis of variance according to Gomez and
Gomez [10] procedure for a randomized complete block
design. The differences of means were identified by
Duncan’s Multiple Range Test (DMRT) at 0.05 level of
significance.

RESULTS AND DISCUSSIONS

Plant populations  had no significant difference on
plant height at the two locations (Table1). Supporting
evidences were reported by Lazim [17] and Abdalla [1]

who showed that plant population had no significant
effect on plant height. Contrasting results were obtained
by Kandasamy et al. [14], Siddique [27] and Ahmed et al.
[3] who stated that an increase in planting population
markedly would increase plant height.

Generally, the cultivar Promo (V2) had a
significantly greater height than others. Differences
between cultivars in plant height were reported by
Abdalla [1], Ahmed [2], El Naim [9] and Nile [23].

Stem diameter increased with the advancement of
plant growth at 45, 60 and 75 DAS, and remained
constant without increment (Table 2). This might be
due to translocation of assimilates to pods and seeds at
the expense of stem growth [13].

The low plant population had a larger stem
diameter than the high population. This is in line with
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Majid and Scheniter [20, 21] and El Naim [8] who
attributed this result to the better soil moisture
availability, decreased plant competition and increased
light penetration through plant canopy at a lower plant
population.

The variation in stem diameter among cultivars
might be referred to genotype. In the present study,
planting population exerts significant effect on mean
number of branches per plant (Table 3). The number of
branches was negatively correlated with plant
population. Similar results were reported by Levy[18],
Kandasamy et al.[14], Allam[5].and Abdall[1]. However,
Lazim[17] reported that plant population had no
significant effect on branching.

V3 cultivar had a greater number of branches per
plant than others. The variations in number of branches
per plant were detected in sesame cultivars in previous
studies [1,9,17]. Variation among sesame genotypes in
morphological characters have been observed by Lazim
[17] who indicated the presence of considerable amount
of variation among sesame genotypes in plant height,
leaf number, number of branches, number of nodes per
plant and dry matter production. This might explain the
consistent differences among the tested cultivars in all
growth parameters that were measured in this study.

Plant population treatments had no significant
effect on time to 50% flowering and maturity (Table
4). Days taken to flowering were similar when the crop
was sown on low or high population. This is in line
with El Naim [9], who showed that spacing had no
significant effect on time to 50% flowering. This
supported the results of Thompson [19], who estimated
that population size had no effect on peak flowering or
physiological maturity. However, Alessi et al. [4]

reported that more number of days was taken to
flowering in low population. 

Promo cultivar (V2) was later in flowering and
maturity compared to other cultivars. 

Differences among cultivars in time to 50%
flowering and maturity were reported by  El-Naim [9],
Lazim [17]   and Nile [23].

Increased plant population decreased the height of
first capsule on the plant (Table 5). The lowest first
capsule height was observed by P4 at Fertangol
location. Similar results were obtained by Allam [5]

who showed that increasing spacing reduced the height
of first capsule. Contrasting results were obtained by
Levy et al. [18], who stated that plant population had no
effect on height of the first capsule.

The population has no effect on capsule length
(Table 5). This is in line with Van Rheenen [30]. In
contrast, Allam [5] reported that high plant population
gave higher capsule length. Promo (V2) cultivar had a
longer capsule length. This is in line with El-Naim [9].

The reduction in number of capsules per plant and
number of seeds per capsule with increasing plant
densities observed in this investigation concurs with
many researchers [1,5,14,26,31]. They reported that high
plant population reduced both the number of capsules
and the number of seeds per capsule. These results
may be attributed to the competition between plants
and between the different parts of the individual plant
under high planting population. In contrast, Lazim [17]

found that plant population had no significant effect on
number of capsules per plant. Also Narayanan and
Narayan [22] showed that plant population had no
influence on number of seeds per capsule.

Promo cultivar (V2) had a higher number of
capsules per plant, capsules length and number of seeds
per capsule than Elobeid1 (V1) and Hirhri (V3).
However, the three cultivars had no significant effect
on seed yield per plant and final seed yield (t/ha).That
is because Promo cultivar had the lowest 1000-seed
weight.

Plant population had no effect on mean 1000-seed
weight (Table 6). Similar results were observed by Van
Rheenen [30].

Increasing plant population decreased seed yield
per plant at the two locations. This was primarily
because of a reduced number of capsules per plant at
higher plant population. Similarly, Levy etal. [18], Ali
[6], Allam [5] and Abdalla [1] pointed that seed yield per
plant substantially decreased with increasing plant
population. They attributed this reduction to inter plant
competition for assimilates and low pod yield. In
contrast, increasing plant population increased seed
yield (t/ha). Supporting evidences were reported by
Lazim[17], Imayavaramban et al., [12] and Allam [5].

The low population had a higher harvest index
than the high population. This is in line with El
Naim[8]. There was no significant difference in harvest
index among cultivars. Similar results were obtained by
El Naim [9]. However, Abdalla [1] reported that the
cultivars had a significant effect in harvest index.

Harvest index among the three cultivars were not
significantly different. This confirms the constant
relationship between biological yield and seed yield [11].
In the present study, the performance of Promo cultivar
is slightly better than Elobeid1 and Hirhri. However,
Promo (V2) cultivar had taller stems, greater number of
capsules per plant, seeds per capsule, seed yield per
plant and final seed yield (t/ha), compared with V1 and
V3 cultivars under most treatments. Similar results were
obtained by Nile [23], El Naim [9], Ahmed [2] and
Abdalla [1] who reported that Promo cultivar had higher
yield compared with Khidir cultivar. The high yield of
Promo (V2) cultivar might be a result of more number
of capsules per plant and number of seeds per capsule.
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Table 1: The effect of population and varieties on plant height (cm) of sesame at 45, 60 and 75 days after sowing (DAS).
Treatment Fertangol Farm University Farm

----------------------------------------------------------------------- --------------------------------------------------------------------
45 days 60 days 75 days 45 days 60 days 75 days

P1 14.9ab 53.9 84.5 33.6b 69.3 86.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 19.8a 54.3 90.9 31.2b 69.3 85.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 16.4ab 44.8 75.4 41.4ab 81.3 89.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P4 19.7a 52.9 77.8 46.6a 82.6 83.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 1.7 3.9 5.1 3.8 5.4 4.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 17.9a 52.9 81.3 35.7ab 71.8 83.6b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 14.3b 47.5 83.8 32.5b 78.6 93.3a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 19.9a 52.8 79.2 41.2a 75.7 82.2b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 1.2 2.7 3.6 2.7 3.8 3.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV% 34.2 26.3 21.7 36.1 24.7 17.5
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test

Table 2: The effect of population and varieties on stem diameter (cm) of sesame at 45, 60 and 75 DAS. 
Treatment Fertangol Farm University Farm

--------------------------------------------------------------------- --------------------------------------------------------------------
45 days 60 days 75days 45 days 60 days 75days

P1 0.49a 0.76 0.93 0.73 0.97 1.04
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 0.49a 0.67 0.92 0.63 0.83 0.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 0.36b 0.60 0.79 0.69 0.87 1.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P4 0.44ab 0.57 0.78 0.75 0.88 0.83
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.04 0.06 0.06 0.06 0.06 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 0.45 0.62 0.82 0.67 0.85 0.870
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 0.38 0.64 0.86 0.71 0.98 0.97
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 0.47 0.67 0.89 0.72 0.94 0.89
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.03 0.04 0.04 0.04 0.04 0.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV%   27.9          31.2 23.7 27.9 22.9 18.7
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range

Table 3: The effect of population and varieties on number of branches of sesame at 45, 60 and 75 DAS. 
Treatment Fertangol Farm University Farm

--------------------------------------------------------------------- --------------------------------------------------------------------
45 days 60 days 75 days 45 days 60 days 75 days

P1 2.8 2.7 3.4 3.6 3.2 4.3a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 1.8 2.8 3.5 1.8 2.8 3.4ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 1.2 2.0 2.2 2.9 2.5 2.9ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 1.6 2.3 2.4 2.3 2.1 2.3b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.5 0.6 0.5 0.5 0.4 0.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 1.2b 1.5b 1.4b 1.6c 1.6b 1.1c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3: Continue
V2 1.7b 3.2a 3.4a 2.6b 3.8a 3.2b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 2.8a 3.3a 3.7a 3.6a 4.3a 4.2a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 04 0.4 0.3 0.3 0.3 0.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV% 79.1 70.8 57.5 60.0 47.2 39.7
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test 

Table 4: Effect of populations and varieties on days to 50% flowering and maturity of sesame. 
Treatments Fertangol Farm University Farm

---------------------------------------------------------- --------------------------------------------------------------------
50% flowering 50% maturity 50% flowering 50% maturity

P1 41.2 84 42.1 86.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 40.2 87.1 43.3 87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 42.1 88.4 43.3 84.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P4 40.1 85.8 42.3 82.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.5 1.9 0.5 0.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 40.4b 86.1b 42.9b 84.4c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 41.7a 88.6a 43.1a 87.5a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 40.5b 88.2a 42.8b 85.7b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.4 1.3 0.4 0.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV% 4.2 7.3 4.2 3.7
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test 

Table 5: Effect of populations and varieties on number of capsules per plant, first capsules height (cm), capsules length (cm) and number of
seeds per capsules of sesame.

Treatment Fertangol Farm University Farm
--------------------------------------------------------------------------- ---------------------------------------------------------------------------------
No. of capsule/ First capsule Capsule No. of seeds No. of capsule/ First capsule Capsule No. of seeds
plant at maturity height (cm) length (cm) / capsule plant at maturity height (cm) length (cm) / capsule

P1 59.1 34.0ab 2.9 62.6 89.4a 31.1 3.1 67.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 59.6 39.3a 2.8 58.5 73.4a 35.1 3.0 63.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 42.9 30.6b 2.8 57.7 64.3ab 33.0 2.9 63.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P4 47.3 30.3b 2.8 56.9 51.9a 34.2 2.8 67.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 7.5 2.8 0.1 2.1 5.80 1.7 0.1 1.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 49.5 31.5b 2.7b 58.9ab 65.9 25.8c 2.9ab 67.0b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 51.3 39.3a 2.9a 61.5a 77.3 39.1a 3.1a 71.2a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 49.7 31.3b 2.8ab 55.9b 64.8 34.2b 2.8b 59.7c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+(v) 5.3 1.9 0.04 1.5 4.1 1.2 0.1 1.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV% 52.0 28.4 7.2 12.2 37.6 17.4 11.3 9.6
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test  
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Table 6: Effect of populations and varieties on 1000-seed weight, seed yield/plant (g), final seed yield (t/ha) and harvest index of sesame. 
Treatment Fertangol Farm University Farm

----------------------------------------------------------------------------------------------- ---------------------------------------------------------------
1000-seed Seed yield / Final seed Harvest 1000-seed Seed yield / Final seed Harvest
weight(g) plant (g) yield (t/ha)  index (%) weight(g) plant (g) yield (t/ha) index (%)

P1 3.4 8.8 0.7bc 27.3 3.5 8.5 0.7b 24.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2 3.4 8.4 1.0ab 25.8 3.4 6.9 08b 23.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P3 3.2 5.4 1.1bc 24.1 3.7 8.2 1.2a 21.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P4 3.5 5.3 1.3a 22.9 3.9 5.1 1.3a 23.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+ 0.2 1.1 0.2 2.1 0.2 1.0 0.1 1.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V1 3.2 6.8 0.8 26.3 3.2b 7.5 0.9 26.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V2 3.4 7.2 0.9 25.6 3.1b 7.9 0.9 22.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
V3 3.7 7.1 0.8 26.5 3.9a 7.5 0.9 23.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SE+(v) 0.1 0.8 0.11 1.5 0.1 0.7 0.1 1.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CV% 17.0 52.4 67.9 27.8 15.8 47.2 44.1 27.6
Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test 

Conclusion: Increased plant population had the general
tendency to increase seed yield (t/ha). The results
indicated that plant populations of approximately
166,666 and 249,999 plants ha-1 were optimum for
sesame cultivation under rain fed conditions in North
Kordofan state, Sudan.
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