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Abstract This study was conducted to find an optimum
sowing date and plant population for bean cultivars suitable
for export in Khartoum State. A field experiment was
conducted in winter in 2011-2012, at the College of
Agricultural Studies, Sudan University of Science and
Technology, Sudan. Two sowing datesS1 and S2 (7th and 26th
of November, respectively) and six plant populations
obtained by three plant spacing (10, 15 and20cm plant
spacing) and two planting densities (2 and 3 plants/hill) on
70cm ridges were tested in completely randomized block
design in four replications. The results showed that early
sowing date (S1) had positive effects on both growth and pod
yield and quality compared to late sowing (S2), irrespective
of plant population. Increasing of plant population increased
plant height but decreased pod yield. The highest pod yield
(105.9 g) was obtained at early sowing (S1) by 2plants/hill
and 20cm plant spacing which was almost double that (56.3
g) obtained at the same plant population at late sowing (S2).
Pod yield /ha was higher at S1 at all plant population than S2.
However, the highest pod yield/ha was obtained at S1 by the
highest plant population (3plant/ hill at 10cm spacing) and
the lowest at S2 by the lowest plant population (2plants/hill at
20cm spacing). Moreover, all pod quality parameters were
positively affected by planting density irrespective of plant
spacing. It could be concluded that for optimum green pod
yield and quality of beans for export it should be sown as
early as the first week of November at 2 plant/hill and 10 cm
or 3 plants/hill at 15cm plant spacing on 70cm ridges in
Khartoum State and areas of similar conditions.
Keywords Snap Bean, Sowing Date, Plant Spacing,
Planting Density, Pod Yield

1. Introduction
Snap bean (Phaseolus vulgaris L.) belongs to the family
Fabaceae. It is used for its fresh pods or dry seeds which are

a good source of vitamins A and C and calcium, in addition
to proteins [1]. It is grown in large scale for export especially
in Egypt, Kenya, Tanzania and Uganda [2]. In Sudan, it also
becomes increasingly important and more efforts were done
by the Ministry of Agriculture in Khartoum State, to produce
snap beans for export. However, its yield and quality are still
low due to poor cultural practices. Recently new hybrid
cultivars which are suitable for export were introduced and
more efforts on the improvement of cultural practices were
done [3]. One of the important cultivars introduced is New
star 2052, but some of its cultural practices such as sowing
date and plant population should be tested to have high yield
and quality and at the proper time for markets.
The optimum temperature range for optimum bean growth
is 16- 30⁰C [4]. Nonnecke [5] reported that the main daily
temperature during the growing season of beans should be in
the range of 15-30°C. Temperature below or above that
range had deleterious effects on plant performance. Seeds
would not germinate or might be decayed at temperature
below 10°C [6]. Hot dry or wet weather results in flower and
pod shedding. Its growth could be improved by its sowing on
the proper date. References [7-11] evaluated four sowing
dates (5th and 20th of October and 4th and 19th of November)
of French bean. They found that sowing on 4th of November
produced the tallest plant, with the highest leaf number.
Similarly [12] compared three sowing dates (1st, 5th and 30th
of November). He found that early sowing (1st of November)
had significant positive effects on bean growth. References
[13-15], in Egypt and [16], in Mexico, reported that sowing
in November, in warm regions and in February and May, in
temperate regions, increased plant dry weight and green pod
yield and quality.
Plant spacing affects plant growth and yield due to
increased competition with increased plant population.
Moreover, the optimum plant population differs with the
availability of soil moisture, relative humidity and nutrients.
Higher plant population i.e. close plant spacing reduced plant
growth and yield components but increased yield per unit
area [17]. References [18-21] pointed that seed, pods and
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straw yields per plant were increased by increasing row
spacing. Aguiar et al. [22] obtained the highest pod yield per
unit area at 25plants /m2.
Abubaker [23] found that the highest early yields (73%
and 71%) were obtained at plant densities 20x30 cm and 30x
30cm, respectively. This study was conducted to asses which
sowing date and plant population would be optimum for
bean cultivars suitable for export in Khartoum State.

sowing (S1) and widest plant spacing (20 cm spacing). The
highest plant yield (105.9 g) was obtained at early sowing (S1)
by 2 plants/hill and 20cm plant spacing which was almost
double that (56.3 g) obtained at the same plant population at
late sowing (S2). Pod yield /ha was higher at S1 at all plant
population than S2. However, the highest pod yield/ha was
obtained at S1 by the highest plant population ( 3 plants/ hill
at 10cm spacing) and the lowest at S2 by the lowest plant
population ( 2 plants/hill at 20cm spacing).

2. Materials and Methods

Table 1. Effect of sowing date (S1and S2) and plant spacing x plants/ hill)
on plant height and leaf area index of snap beans

A field experiment was conducted during the winter
season of the year 2011-2012, at the College of Agricultural
studies, Sudan University of Science and Technology, (lat.15
⁰ 40N, long. 32 ⁰32E, and the altitude of 380m above the sea
level),Sudan. It was executed in randomized complete block
design with four replications. Plot size was 3.5x3 m2, (2.5
ridge length, and 70cm spacing). The seeds were sown on
northern side of the bed, at two different sowing dates (7th
and 26th November), three within ridge spacing (10, 20, and
30cm), and two different planting density (2 and 3plants/hill).
The seeds were treated with Thiram (seed dresser) before
planting. Three to four seeds were sown per hill, and thinned
later (after 16 days from sowing) into two to three plants. The
cultural practices were done as recommended.
The vegetative growth was evaluated as plant height, leaf
area index, and shoot fresh and dry weights at 50% flowering
and the green pod yield and quality were evaluated as
number of pods per plant, pod weight, yield per hectare and
pod length and diameter. The data were analyzed using the
soft ware package MSTATC and means were separated
using the least significant difference (LSD) at P≤ 0.05 [24].

3. Results and Discussion
As in Table1 the plants sown at S1 (7th November) were
significantly higher than those sown at S2 (26th of November),
whereas there were no significant differences in plant height
due to plant spacing and planting density. However, the
highest plants (16.2 cm) were obtained at S1 and 3plants per
hill at 15cm spacing. The leaf area was significantly higher at
S2 and higher plant population, where, the highest leaf area
(173.5 cm2) was obtained at 3plants per hill and 15cm plant
spacing. Similar effects of sowing date and plant population
(plant spacing x plants/hill) were also noticed on both shoot
fresh and dry weight, where, the highest values were
obtained at the late sowing date (S1) with 2plants/ hill at
15cm spacing (Table2).
No significant differences on early flowering and number
of pods/ plant due to early sowing (S1) or increased plant
population (plant spacing x plants/ hill ( Table3) were
noticed, however, early flowering and higher pod number
were obtained at the early sowing (S1) and at the lowest plant
population (2 and 3 plants / hill at 20cm spacing). Generally
there was an increase in yield/plant (Table4) with early

Parameter

Leaf area index(cm2)

Plant height(cm)
th

Sowing date(7 and 26th of November)

Plant spacing×
Plant/hill

S1

S2

Mean

S1

S2

Mean

10cm:2 plants

14.3

12.9

13.6

115.9

145.1

130.5

10cm:3 plants

14.7

13.8

14.2

130.7

148.5

139.6

15cm:2 plants

14.9

13.2

14.1

121.4

171.1

146.3

15cm:3 plants

16.2

13.1

14.6

128.9

173.5

151.2

20cm:2 plants

14.7

12.6

13.7

126.0

135.4

130.7

20cm:3plants

14.4

12.7

13.6

131.9

152.8

142.4

Mean

14.9

13.1

125.8

154.4

LSD at P≤0.05

1.4

21.6

Table 2. Effect of sowing date (S1 and S2) and plant spacing x plants/ hill
on shoot fresh and dry weight of snap bean
Parameter

Shoot fresh weight(g)
th

Shoot dry weight(g)
th

Sowing date(7 and 26 of November)

Plant spacing
×Plant/hill

S1

S2

Mean

S1

S2

Mean

10cm:2 plants

24.2

23.4

23.8

3.6

3.8

3.6

10cm:3 plants

22.2

21.2

21.7

3.2

3.3

3.3

15cm:2 plants

28.2

35.7

31.9

3.4

5.4

4.4

15cm:3 plants

23.1

32.0

27.5

3.5

5.3

4.4

20cm:2 plants

26.0

30.2

28.1

3.8

4.5

4.2

20cm:3plants

24.6

30.6

27.6

3.6

4.9

4.3

Mean

24.7

28.8

3.5

4.5

LSD at P≤0.05

8.9

1.3

Table3. Effect of sowing date (S1 and S2) and plant spacing x plant/ hill
on days to 50% flowering and number of pods/plant of snap bean
Parameter
Plant spacing×
Plant/hill

Days to 50% flowering

Number of pods/plant

Sowing date(7th and 26th of November)
S1

S2

Mean

S1

S2

Mean

10cm:2 plants

44.0

44.5

44.3

16.1

14.3

15.2

10cm:3 plants

43.8

44.8

44.3

15.0

12.0

13.5

15cm:2 plants

42.0

43.8

42.9

20.8

17.9

15cm:3 plants

43.8

43.8

43.8

17.0

12.9

20cm:2 plants

44.0

45.5

44.8

26.7

18.5

20cm:3plants

44.3

44.5

44.4

24.1

15.5

19.9

15.2

Mean
LSD at P≤0.05

43.6

44.5
2.0

3.6
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Table 4. Effect of sowing date (S1 and S2) and plant spacing x plants/ hill
on pod yield per plant and hectare (ha) of snap bean
Parameter

Pod yield/plant(g)
th

Pod yield/ha(ton)
th

Sowing date(7 and 26 of November)

Plant spacing×
Plant/hill

S1

S2

Mean

S1

S2

Mean

10cm:2 plants

57.9

46.3

51.1

16.4

13.3

14.9

10cm:3 plants

56.3

38.6

47.9

24.0

16.4

20.4

15cm:2 plants

70.4

54.6

67.5

15.0

11.7

13.4

15cm:3 plants

68.1

43.1

53.68

21.9

13.8

17.9

20cm:2 plants

105.9

56.3

86.1

15.0

8.1

11.6

20cm:3plants

77.4

50.5

70.2

16.4

12.1

14.3

Mean

76.9

48.4

18.1

15.2

LSD at P≤0.05

18.6

4.3

Early sowing (S1) had positive effects on pod quality (pod
length, diameter, fresh and dry weight), especially, on pod
diameter (Table 5) and dry weight(Table 6) compared to late
sowing (S2). Moreover, all pod quality parameters were
positively affected by planting density irrespective of plant
spacing.
Table 5. Effect of sowing date (S1 and S2) and plant spacing x plants/hill
on pod length and diameter of snap bean
Parameter
Plant spacing×
Plant/hill

Pod length(cm)
th

Pod diameter(mm)
th

Sowing date(7 and 26 of November)
S1

S2

Mean

S1

S2

Mean

10cm:2 plants

12.0

11.8

11.9

7.6

7.4

7.5

10cm:3 plants

12.5

11.9

12.2

7.9

7.3

7.6

15cm:2 plants

12.2

11.9

12.1

8.2

7.2

7.7

15cm:3 plants

12.4

11.8

12.1

7.9

7.4

7.7

20cm:2 plants

12.6

12.0

12.3

8.5

7.1

7.8

20cm:3plants

12.3

12.2

12.3

7.8

7.4

7.6

Mean

12.3

11.9

8.0

7.3

LSD at P≤0.05

0.6

0.1

Table 6. Effect of sowing date (S1 and S2) and plant spacing x plants /hill
on pod fresh and dry weight of snap bean
Parameter

Pod fresh weight(g)
th

Pod dry weight(g)
th

Sowing date(7 and 26 of November)
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higher at the late sowing (S2). Both growth parameters were
increased by high planting density (plants/hill) irrespective
of plant spacing. Similar results were obtained by [25] who
reported a decrease of plant height, stem width and number
of branches with delayed sowing, which was attributed to
short growth period.
Also [26] reported an increase in plant height but a
decrease in number of branches at higher plant densities.
Taleei et al. [27] reported maximum growth of beans at
50plants/m2 compared to 35plants/m2. This might be
attributed to the differences among cultivars as reported by
[28] in cowpea. They stated that cultivars with upright
growth forms had higher plant population than vining or
semi vining types, as the upright forms performs much better
in narrow rows. The non significant effect of sowing date on
days to flowering might be attributed to the suitable weather
conditions (the average temperature was around 24°C in
November and December but dropped to 21°C in January).
References [25,29] reported a significant earliness of plant
flowering with an increase of air temperature at a range of
21-28°C). Nevertheless, to maximize biomass accumulation,
the life cycle and particularly the timing of reproductive
development and growth, they must be timed to match the
available resources [30].
The significant positive effects of sowing date on pod
yield and quality and their components were also confirmed
by [31,7] who reported improvement of both quantitative
and qualitative traits of bean depended on sowing on the
proper date. References [14, 16,15] found that early sowing
of bean in November ( in winter in warm regions) and in
February and May (in spring in temperate regions) increased
plant dry matter and green pod yield and quality.
Similar effect of planting density on yield and quality
were also shown by [27,32]. They stated that plant density
had significant effect on number of pods per plant, yield per
unit area and harvest index. It could be concluded that beans
should be sown as earlier as November to avoid the effect of
high temperature on flowering and fruit setting late in the
season. Increasing of plant density to 3plants per hill and at
medium plant spacing of 15cm or 2plants/hill at the
narrowest spacing 10cm gave maximum pod yield per unit
area and quality. Therefore, snap bean for export in
Khartoum State and areas of similar environmental condition
should be sown within the first week of November and at 2
or 3plants/ hill at 10 or 15cm spacing, respectively.

Plant spacing×
Plant/hill

S1

S2

Mean

S1

S2

Mean

10cm:2 plants

3.5

3.2

3.2

0.33

0.19

0.26

10cm:3 plants

3.9

3.3

3.3

0.27

0.18

0.23

15cm:2 plants

3.8

3.1

3.1

0.30

0.17

0.24

15cm:3 plants

3.9

3.2

3.20

0.27

0.19

0.23

20cm:2 plants

4.3

3.1

3.1

0.32

0.17

0.25
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