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ABSTRACT

Field bean (Phaseolus vuigaris L.) consumed in Swaziland is mostly imported. Small-
scale farmers can grow this crop in the country and obtain good yiclds if the correct
planting density is identified. A field study was conducted during the growing season of
2004/2005 to determine the influence of different planting densities on growth
parameters and yield of field bean. The experiment consisted of a randomised complete
block design, with four replications. There were five planting densities (400,000;
200,000; 133,333; 100,000 and 66,667 plants/ha studied for 11 weeks. Results showed
that Absolute Growth Rate (AGR) was significantly (P < 0.01) higher in the lower
populations. The lowest population had AGR of 7.0 g/week whereas the highest plant
population had AGR of 2.4 g/wk between 7 and 10 weeks afier planting (WAP). At 7
WAP, the highest plant population had a significantly (P < 0.01) higher leaf area index,
LAI of 4.6 while the lowest plant population had LAI of 0.7. At 400,000 density of
plants/ha, though the seed yield (695.8 kg/ha) was low, however, it was 56% higher than
the yield (445.5 kg/ha) of the recommended plant population. Planting density of 400,000
plants/ha is suggested.
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INTRODUCTION

Field bean (Phaseolus vulgaris L.) is an
important grain legume crop that is
widely eaten, not only in Swaziland but
also in other parts of the world
(Buruchara, undated; Kelly, 2000;
CIAT, 2001). After groundnut (drachis
hypogaea L.), field bean is the next
major grain legume that is widely
consumed in Swaziland (Nxumalo,
personal communication, 2004). Field
bean is not grown on a large scale in
Swaziland, although the climatic
conditions of the country favour
commercial production of the crop. The
amount of field bean consumed in
Swaziland is not known. Per capita
consumption of field bean is highest in
Africa, reaching 66 kg/ycar in western
Kenya and 55 kg/year in Rwanda

(Buruchara, undated). Kelly (2000)
reported that Mexico has the highest
bean consumption in Latin America,
with over 15 kg per capita annually. One
of the most popular types of field bean in
Swaziland is the speckled seed-type
commonly known as sugar bean (Anon.,
1991). Edje (1995) reported that field
beans are important food crops in
Malawi, where both seeds and fresh
leaves are used as food. This crop has a
great potential as one of the major food
crops in Swaziland.

Though field bean has the capacity to fix
nitrogen, its nitrogen-fixing ability is
comparatively low hence the need to
apply nitrogen fertilisers (Anon., 1991).
Lindemann and Glover (2003) reported



Bats. J. Agric. Appl. Sci. Vol. 12005

that groundnut, cowpea, soya beans
(Glyeine max) are good nitrogen fixers,
being able to fix up. lo 280 kg of
nitrogen/hectare; field bean fixes less
nitrogen than these legumes. Sugar bean

is also rich in vitamins A and C.

(Norman, 1992).

Field bean population densities used in
the southern African semi-arid regions
vary widely. In Swaziland, the
recommended population is 200,000
plants/ha (Anon., 1991). In Zimbabwe
and South Africa, Walker et al. (2004)
used a range from a low density of
40,000 plants/ha to a high density of
160,000 plants/ha. They noted that
intercropping maize and bean was
advantageous. Studying insect pest
incidence in field bean, Karel (1991)
reported that the incidence of bean flies
decreased with increasing plant
populations from 66,666 to 533,332
plants/ha  when field bean was
intercropped with maize. Tsubo et al.
(2003) using population densities of 4.2,
8.3, and 12.5 plzmls/m2 for sole field
bean, and 2.1, 4.2 and 6.3 plnms/m2 for
bean-maize intercrop, concluded that
plant density affected crop productivity
and resource use in intercropping. They
explained that final crop yicld was
influenced by crop growth; that is, good
crop growth resulted in high crop yield.
Since farmers might wish to maximise
yields of sugar beans, it is important to
carry out population studies that could
improve the productivity of this crop. If
a more suitable planting density is used
by farmers to grow ficld bean on a large
scale in Swaziland, this might help to
reduce the importation of field beans.
For appropriate management decisions,
it would be beneficial 1o understand how
plant population would influence
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different growth parameters of field bean
in Swaziland. Therefore, this
investigation was carried out to
determine the effects of plant population
on selected growth parameters and seed
yield of ficld bean.

MATERIALS AND METHODS

A field experiment was conducted in the
2004/2005 cropping season in the Crop
Production Department Farm in
Luyengo Campus (26°34°S, 31°12'E;
annual rainfall, 800 mm; mean annual
temperature, 18°C; 750 m above sea
level) of the University of Swaziland.
The soil was an Oxisol of the Malkerns
series (Murdoch, 1968). A randomised
complete block design was used. There
were five spacing treatments replicated
four times. The treatments and their
respective plant populations were: 50.0
cm x 5.0 cm (400,000 plants/ha); 50.0
cm x 10.0 cm — recommended spacing
(200,000 plants/ha); 50.0 cm x 15.0 em
(133,333 plants/ha); 50.0 cm x 20.0 cm;
(100,000 plants/ha); and 50.0 cm x 30.0
cm (66,667 plants/ha). Each plot was 4.5
m long and 4.0 m wide.

Land preparation was done by
ploughing, followed by disc harrowing.
One day before planting, a basal
application of a compound fertiliser,
N:P:K [2:3:2 (22) + Zn] was madce by
banding, at the rate of 400 kg/ha
following soil analysis (Anon., 1991).
The variety of ficld bean grown was
PAN 159. Planting was done by hand, in
mid-December 2004, using two
sceds/station; these were later thinned to
one plant/station at 10 days after sowing.
Sprinkler irrigation was applied
im.mcdizucly after planting. Plots were
irrigated to field capacity for the first
three days after sowing, because after
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that time, regular rains  were
experienced. Further crop management
(Anon.. 1991) consisted of manual
weeding at 4 and 7 weeks after planting
(WAP), and monitoring for discases and
insect pests.

On cach sampling date, three plants/plot
were removed to determine the
following growth parameters in each
ficld bean population.

Leafarea =

Leaf area/plant

The leaf area was measured using the
cork borer method (Ndawula-
Senyimoba, 1972; Edje and Osiru, 1988)
using 30 leaf-discs and a cork borer that
was 1.5 ¢m in diameter. The oven-dry
mass of the 30 leaf discs and oven-dry
mass of all the leaves were used to
calculate the leaf arca using the
relationship:

Area of 30 leaf discs (cm®) x Dry leaf mass (g) of three plants used

Leaf Area Index (LAI)

LAl was calculated (Ndawula-
Senyimoba, 1972; Edje and Osiru, 1988)
as the ratio of the leaf area to the land
area occupied by sampled plants.

Relative growth rate (RGR)

This was determined using the method
of Hunt (1978),
RGR = In W>—In W,

T.-Ti,

where W, was the crop dry mass at the
previous sampling ; W2 was the dry mass
of the sample that followed; Ty and Ta,
were the corresponding wecks of
sampling W) and Wa, respectively. The
“in’ in the formula represented natural
logarithm.

Crop growth rate (CGR)

CGR was determined using the total dry
mass of sampled plants at the respective
times of sampling, and applying the

formula of Hunt (1978):
CGR = Wa-W;x1
T.-T, P,

where W, and W2 were the respective
dry masses of the samples at Ty and Ta,

Dry mass of 30 leaf discs (g).
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respectively, *P* in represents the ground
area covered by the plants sampled.

Net assimilation rate (NAR)

Using total dry mass of sampled plants
at the respective times of sampling,
NAR (Hunt, 1978) was mathematically
expressed as:

NAR = W>-W;x InLA;-InLA,
LA.-LA; T.-T,

where W, and W2 are the dry mass of
the samples at the corresponding times
T, and Ta, respectively; the LA; and LAz
represent the corresponding leaf areas at
T, and Ta, The ‘In’ represents natural
logarithm.

Absolute growth rate (AGR)

AGR was calculated as

V.- W,
T:-T,

Hunt (1978);

where W, and W- were the dry mass of
the samples, corresponding to the
respective times of sampling, Ty (4
WAP) and T2 (7 WAP or 10 WAP)

AGR =W;-W,= W; . W,
Ta-T, TWAP-4 WAP.
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Seed yicld was determined as yield/plot
at 10% moisture content and converted
to yield/ha.

All data were statistically analysed using
MSTAT-C statistical package, version
1.3 (Nissen, 1983). The least significant
difference (LSD) test was used for mcan
separation at P < 0.05, unless otherwise
stated.

RESULTS AND DISCUSSION

The soil analysis results indicated the
following chemical properties of the
soil: pH, 5.5; N, 0.2 mg/kg; P, 12.7
mg/kg; K, 0.8 mg/kg; exchangeable
acidity, 0.6 cmol/kg and organic matter,
2.3%. Soil nutrient levels were
considered adequate for the growth of
field beans. Anon. (1991) had
recommended that Swaziland soils might
require liming if the soil pH fell below
5.5. Yield losses could be experienced in
grain legumes if there is a nutrient
deficiency (Nelson and Barber (1964);

no nutrient deficiencics were observed in
this investigation.

Leaf area/plant was larger in the higher
plant densities than in the lower densities
(Table 1) but there were no significant
differences between the plant
populations. Leaf area and LAI are
among the growth parameters that could
be influenced by a variation in plant
population. That field beans in the
highest population had higher leaf
area/plant and higher LAI was in
agreement with the reports of Enyi
(1973) who observed that soya bean
developed increased leaf area as plant
population increased. A larger leaf area
could enhance increased photosynthesis
that would contribute to improved crop
yields.

LAI increased with time, higher plant
populations having a significantly (P <
0.05) higher LAl than lower plant
populations (Table 1).

Table 1. Effects of ficld bean population on leaf area/plant and leaf area index

Field bean Leaf area/plant (cm”) Leaf area index
population/ha 4 WAP! 7 WAP' 4 WAP' 7 WAP'
400,000 55T.2 1143.0 22 J.6
200,000 4434 13229 0.9 32
133,333 530.7 1287.9 0.7 I.:/
100,000 5125 895.6 0.5 0.9
66,667 501.3 9717.1 0.3 0'7

Mgan 507.8 11253 0.9 22
LSD® o) 144.3 362.8 0.2 0.9
Significance ns ns - -

"Weeks after planting; * * Significant P < 0.01

ns, not significant

The observation that LAI was greater in
the higher populations was consistent
with studies on soya bean (Weber ef of.
1966 and Enyi 1973). on corn (Williams

et al. 1964) and on field bean (Pilbeam
et al. 1991). Wilson and Teare (1972)
stressed LAL 1o be the single best
parameter that could be used to predict a
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reduction of light energy and dry matier
(DM) yield of vegetation canopies.
Thus, mutual shading of leaves was
considered undesirable because it
reduced yield by reducing light available
for photosynthesis (Wilson and Teare,
1972).

There was no significant difference in
RGR between plant populations in this
investigation (Table 2). Generally, RGR
decreased with an increase in plant
population, and as the plants matured the
RGR increased, except in the highest
population.

The absence of significant differences
found in the RGR among the different
plant populations, our result is in
agreement with the findings of Enyi
(1973) who noted soya bean growth rate
to increase with increasing plant
population and with increasing leaf area.
The increase in growth rate could be
attributed to attempts by the plants to
compete for available growth factors.
Dennett and Ishag (1998) suggested that
suitable parameters for predicting crop

growth include the maximum RGR. and
the maximum CGR for a crop
intercepting all the incident radiation. In
their experiments on faba bean (Ficiu
Juba L), peas (Pisum sativium L), lentils
(Lens culinaris Medic.) at three
densities, Dennett and Ishag (1998)
ascribed the differences in growth
patterns to differences in the maximum
RGR that was associated with
differences in temperature.

There were no significant differences in
CGR between the plant populations, but
the higher populations had a higher CGR
(Table 2). Higher field bean population
resulting in increased CGR could have
been a consequence of plant competition
for scarce environmental resources. With
lower CGR in lower populations,
probably, there was less inter-species
competition in the wider spacing. The
CGR data of this study were in
agreement with the observations of Enyi
(1973) who reported that mean CGR
increased with an increase in plant
density.

Table 2. Effects of field bean population on relative growth rate, crop growth rate, net

assimilation rate, and absolute growth rate.

Field bean Relative growth  Crop growth rate Net assimilation  Absolute grow
population/ha  rate (g/g/week) (g/mz/\vcek) rate (g/m:/wcck) rate (g/week)
4-7 7-10 47 7-10 WAP' 4-7 WAP' 4-7 7-10
WAP'  WAP' WAP' WAP'  WAP
400,000 0.08 0.10  49.93 96.94 0.002 1.25 243
200,000 0.14 0.18 4503 91.21 0.002 2.26 4.56
133,333 0.15 0.18 3025 73.10 0.002 2.72 5.49
100,000 0.14 023  26.86 77.00 0.003 3.24 7.70
66,667 0.17 0.19 2470 46.74 0.010 3.70 7.01
Mean 0.14 0.18 36.56 77.00 0.003 2,63 544
LSD? (o) 013 011 4542 79.96 0.01 214 2.74
Significance ns ns ns ns ns ns »*

"Weeks alter planting; -Lcast significant difference;

ns, not significant ;** Significant at P <0.01
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NAR did not show any significant
difference between plant populations
(Table 2), but there were higher NAR
values at lower plant populations. Our
observation that NAR increased with
increasing LAT at higher plant
populations, and decreased with reduced
LAl values in lower plant populations
was consistent with other findings (Enyi
1973). NAR was expected to be affected
by LA of the crop such that when LAI
increased, NAR would also increase
(Hunt, 1982).

AGR (Table 2) values showed
significant difference p> 0.01 between
the highest plant population (AGR, 2.4
g/wk between 7 and 10 WAP) and the
lowest population (AGR, 7.0 g/wk)
during the same period. The
observations that higher plant
populations had significantly lower
AGR, and lower populations had
significantly (P < 0.01) higher AGR,
implied that field bean plants in the
smaller density grew at a faster rate than
the plants in the higher density. Thus,
plants in the wider spacing were capable
of increasing their mass/week faster than
those that were grown at a closer
spacing. This could be related adaptive
plasticity of field bean - the frequency of
branching, internode increases, and
direction of growth in response to light
or nutrient levels (Alpert and Simms,
2002: Grime, [994; de Kroon and
Hutchings, 1995: Dong, 1995; Linhart
and Grant. 1996). Hunt (1990) described
AGR 1o be the simplest index of plant
growth; a rate of change in size, an
increment in size per unit time.

There were significant differences (P <
0.05) in seed vield between the
population densities (Figure 1), Where
field bean density was high (e.g. 400,00
plants/ha). total seed vield was

34

consistently higher than where plant
population was lower (e.g. 66,667
plants/ha). The population of 66,667
plants/ha had a significantly (P < 0.05)
lower seed yield (270.4 kg/ha) than the
400,000 plants/ha plant population
(695.8 kg/ha). There was no significant
difference in seed yield between the
lowest plant population and all the other
plant populations.

Though seed yiclds were quite low
compared to yiclds found in the
literature (Crothers and Westermann,
1976; Clark and Carpenter, 2005), plant
population contributed to the total seed
yield of the crop. The increased seed
yiclds due to high plant population was
similarly reported for Phascolus vulgaris
(Crothers and Westermann, 1976;
Shirtliffe and Johnston 2002; Ayaz ef al.
2001; Herbert and Hill, 1978) It was
reasoned (Herbert and Hill, 1978) that as
plant density increased, the intensity of
interplant competition also increased,
yield/plant would decline, although total
yield/unit area might increase and many
components of seed yicld were inversely
related to population density (Ayaz er
al., 1999; Attiya, 1985; Mckenzie ef al.,
1985). It has been pointed out that dry
beans had the potential of higher yields
with narrower spacing (higher plant
populations); this was regarded as an
indication of responsiveness to higher
planting densities in cowpea (Anon,.
2005, Ismail and Hall, 2000). Narrow
row spacing and high-density planting
were shown to increase the seed yield of
snap beans (Phaseolus vulgaris L.) as
reported by Mack and Hatch (1968),

CONCLUSIONS AND
RECOMMENDATIONS

Higher planting densities resulted in
higher CGR, higher leaf area, higher
LAT and increased seed yields of field
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bean. In order to maximise seed yields,
the spacing of 50.0

Figure 1. Influence of plant population
on grain yield of field bean.
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