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ABSTRACT

The agronomic practices such as plant spacing and phosphate fertilizer requirements for the
cultivation of Bambara groundnut [Vigna subterranea (L.) Verdc.] have not yet been fully
determined in Agbani agro ecology South east Nigeria. Field trials were conducted in 2015 and
2016 planting season at the Teaching and Research Farm of the Faculty of Agriculture and Natural
Resources Management, Enugu State University of Science and Technology, Agbani as a 4 x 3
factorial experiment in randomized complete block design with three replications. The treatments
were four rates of single super phosphate fertilizer (0 kg P ha™, 25 kg P ha™, 50 kg P ha™and 75 kg
P ha) and three plant spacing regimes (intra and inter row spacing) 10 cm x 45 cm (222,222
plants hectare™) 5 cm x 45 cm (148,148 plants hectare™) and 20 cm x 45 cm (111,111 plants
hectare™). Soil samples were collected from the top soil at a depth of 0 to 15 cm before planting,
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four and eight weeks after planting. The obtained results showed that Bambara groundnut spaced
at 20 cm x 45 cm per plant grown on plots fertilized with 75 kg P ha™ single super phosphate
fertilizer (SSP) had significantly (P = .05) the tallest plants [24.53 cm at 4 weeks after planting
(WAP), 35.23 cm at 8WAP in 2015 and 25.00 cm at 4WAP and 36.00 cm at 8WAP in 2016
respectively] compared with the other treatments. The effects of single super phosphate fertilizer
treatment on leaf area index (6.04 in 2015 at 4AWAP, 45.86 in 2015 at 8WAP, 6.31 at 4WAP in
2016 and 46.51 at 8WAP in 2016) were significant (P = .05) at the highest at application rate of 75
kg P ha™ of SSP. Plots which had the lowest population density (111,111 plants hectare™) and
received the highest rate of SSP (75 kg P ha™) gave significantly (P = .05) the highest number of
fresh pods per plant at harvest (17.67 in 2015 and 19.00 in 2016) and weight of fresh pods per
plant (248.03 g plant™ in 2015 and 290.76g plant™ in 2016 respectively) than the other treatments.
Total nitrogen, phosphorus and potassium concentration 7 of soil were significantly (P = .05) higher
in plots which received 75 kg P ha’ SSP than the other treatments. Plant population density of
111,111 plants hectare™ and SSP rate of 75 kg P ha™ is recommended for optimum agronomic
performance of Bambara groundnut in a degraded tropical ultisol.

Keywords: Bambara groundnut; single super phosphate fertilizer; nodulation; plant spacing; ultisol.

1. INTRODUCTION

Bambara groundnut [Vigna subterranea (L.)
Verdc.] represents the third most important grain
legume in semi-arid Africa after cowpea (Vigna
unguiculata) and groundnut (Arachis hypogaea)
[1,2]. It is variously known as "izindlubu" (Zulu,
South Africa); "Jugo beans" (South Africa);
"Ntoyo cibemba" (Zambia); "Gurjiya" or
"Kwaruru" (Hausa, Nigeria); "Okpa" (lgbo,
Nigeria); "Epa- Roro" (Yoruba, Nigeria); "Nyimo
beans" (Zimbabwe). Bambara groundnut seed
contains 63% carbohydrate, 19% protein and
6.5% oil [3]. The gross energy value of Bambara
groundnut seed is greater than that of other
common pulses such as cowpea, lentil (Lens
esculenta) and pigeon pea (Cajanus cajan) [4]. It
is deficient in sulphur-containing amino acids [5],
some genotypes contain higher amounts of
methionine and lysine than are found in other
legumes [6]. It is resistant to high temperature
and is suitable for marginal soils where other
leguminous crops cannot be grown [7]. Despite
its nutritional value, it is still considered as one of
the prioritized neglected and underutilized crop
species in Nigeria [8].

In  Agbani, soils are degraded ultisol
characterized by low fertility and high acidity
which may be caused by over exploitation,
nutrient volatilization, erosion or leaching [9].The
agronomic practices such as plant spacing and
phosphate fertilizer requirements for the
cultivation of this crop have not yet been fully
determined in Agbani agro ecology.

Phosphorus (P) is the most important key
element in the nutrition of plants, next to nitrogen

(N). It plays an important role in virtually all major
metabolic  processes in  plant including
photosynthesis, energy  transfer, signal
transduction, macromolecular biosynthesis and
respiration [10]. It is abundantly available in soils
in both organic and inorganic forms. The organic
forms of P are found in humus and other organic
materials. The P in organic materials are
released through  mineralization  process
involving soil organisms. The inorganic forms of
P exist as calcium phosphate (Ca-P), aluminum

phosphate (Al-P), iron phosphate (Fe-P),
reductant soluble phosphate (Red-P), Saloid-
bound phosphate (Sal-P), and occluded

phosphate (Occ-P) [11]. Plants are unable to
utilized phosphate because 95-99% phosphate
are present inthe insoluble, immobilized, and
precipitated form [12]. Plants absorb phosphate
only in two soluble forms, the monobasic (H,POy)
and the diabasic (HPO,”) ions. Legumes are
phosphorus loving plants, they require
phosphorus for growth, nodualation and seed
development, and most especially in nitrogen
fixation which is an energy driven process [13].
Investigations by [13], revealed that the highest
application rate of single super phosphate
fertilizer (70 kg P ha'l) increased the number of
leaves per plant, number of branches per plant,
plant height, leaf area index and weight of pod
after harvest of Mucuna flagellipes in a degraded
acid tropical ultisol. Careful application of
phosphorus fertilizer to legumes must be geared
towards enhancing not only their growth and
yield, but also nitrogen fixation. In Nigeria,
legumes do not receive any form of mineral
phosphorus fertilizer, they therefore rely entirely
on the naturally available soil phosphorus and
other nutrients for nitrogen fixation and growth
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and this has resulted in lower yield and low
nitrogen fixation by these legumes [13].

Maximum yield of a particular crop in a given
environment can be obtained at spacing where
competition among the plants is minimal. [14]
observed that this can be achieved with optimum
spacing which not only utilize soil moisture,
nutrient, light and carbon dioxide more effectively
but also avoids excessive competition among the
plants. However, beyond certain limit yield
cannot be increased with decreasing or
increasing row spacing. Hence, optimum spacing
induces the plant to achieve its potential yield.
[15] and [16], indicated that cowpea plants
produced better at the lowest densities, set more
number of pods than those at the higher
densities. Therefore, the general objective of this
experiment is to determine the effects of
phosphate fertilizer rates and plant spacing on
biological nitrogen fixation, growth and yield of
Bambara groundnut.

The specific objectives:

1. Determine the effects of single super
phosphate fertilizer rates and plant spacing
on nodulation, growth and vyield on
Bambara groundnut (Vigna subterranea).

2. Determine the effects of single super
phosphate fertilizer rates and plant spacing
on soil nutrient statues

2. MATERIALS AND METHODS

2.1 Description of the Experimental Site

This experiment was carried out in 2015 and
2016 planting season respectively at the
Teaching and Research Farm of the Faculty of
Agriculture and Natural Resources Management,
Enugu State University of Science and
Technology, Nigeria (06°52'N, 07°15'E and
elevation 450 m above sea level) [17] The area
has an annual rainfall which ranges from 1700 —
2010 mm. The rainfall pattern is bimodal and is

Table 1. Treatment combinations of four rates of si
plant spacing regimes in a randomized complete block

between April and October, and the dry season
is between November and March. The soil's
textural class is sandy loam with an
isohyperthermic soil temperature regime [17] and
is classified as Typic Paleudults of the order
Utisol [18].

Field

2.2 Experimental and

Operations

Design

Field trials were conducted in 2015 and 2016
planting season at the Teaching and Research
Farm of the Faculty of Agriculture and Natural
Resources Management, Enugu State University
of Science and Technology, Agbani as a 4 x 3
factorial experiment in randomized complete
block design with three replications. The
treatments were four rates of single super
phosphate fertilizer (0O kg P ha', 25 kg P ha™, 50
kg P ha'and 75 kg P ha') and three plant
spacing regimes (intra and inter row spacing) 10
cm x 45 cm (222,222 plants hectare'l) 5cm x 45
cm (148,148 plants hectare™) and 20 cm x 45 cm
(111,111 plants hectare™) (Table 1). A total land
area measuring 324 m? (9 m x 36 m) was used
for the experiment. The land was divided into
three blocks (columns: north-south direction),
and each was sub-divided into 12 plots (rows:
east-west direction) making a total of thirty-six
plots (Fig. 1). The plots (beds) measuring 2 m x 2
m (4 m°) were separated by 1 m x 1 m pathway
between and in between plots. Planting was
done at the rate of two seeds per hole using the
plant spacing regimes as treatments and
thinned to one plant at two weeks after planting
(Fig. 2a-b). Prophylactic application of 15 ml of
Karate (Pyrethroid insecticide) in five liters of
water was applied at one week after planting and
at four, six and eight weeks after planting to avert
pest incidence. Single super phosphate fertilizer
was applied at 3 weeks after planting by binding
method (2 cm away from the seedling). Three
plants at the center rows were sampled during
data collection. Weeding was done by using
traditional hoe.

ngle super phosphate fertilizer and three
design

Phosphate fertilizer rate (A)

Al A2 A3 A4
B1 A1B1 A2B1 A3B1 A4B1
Plant spacing (B) B2 AlB2 A2B2 A3B2 A4B2
B3 A1B3 A2B3 A3B3 A4B3

Al-0kgP ha', A2-25kg P ha’, A3-50kg P ha™, A4 - 75 kg P ha™, B1 -10 cm x 45 cm (222,222 plants
hectare™), B2 - 5 cm x 45 cm (148,148 plants hectare™), B3 - 20 cm x 45 cm (111,111 plants hectare™)
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Block 1 Block 11 Block 111
Al1B1 12 m A3B1 A4B3
2m 1im
“—>
\ 4
Al1B2 1m A4B2 1m Al1B1
1m
\4
A1B3 A1B3 A2B1
11 m
A2B1 Al1B2 A3B2
1m
\4
A2B2 A4B3 Al1B2
Al m
A2B3 Al1B1 A4B2
m 36m
A3B1 A4B1 A2B2
A 1 m
A3B2 A2B1 A3B3
1m
\4
A3B3 A3B3 A1B3
1m
v
A4B1 A3B2 A2B3
im
v
A4B2 A2B2 A4B1
1m
v
A4B3 A2B3 A3B1
9m

Fig. 1. Schematic illustration of the field layout design of the experiment
Al-0kgP ha' A2-25kgP ha’, A3-50kgP ha®, A4-75kg P ha™, B1- 10 cm x 45 cm (222,222 plants
hectare™), B2 - 5 cm x 45 cm (148,148 plants hectare-1), B3 - 20 cm x 45 cm (111,111 plants hectare™)

2.3 Soil Sample Collection and Analyses representative soil samples were randomly

collected per plot and bulked to form a composite

Soil samples were collected from the top soil ata  soil sample for each plot. A total of thirty-six
depth of 0 to 15 cm before planting and at four ~ composite soil samples were collected. Samples

and

eight weeks

after  planting.

Three were air dried, ground and passed through a
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sieve of 2 mm standard mesh size. The soil pH
will be determined with a pH meter using 1:2.5
soil to water ratio and 1: 2.5 soil to 0.1 N KCI
(potassium chloride) suspension according to
[19]. Organic carbon was determined using the
Walkley and Black wet digestion method [20].
Soil organic matter content was obtained by
multiplying the value of organic carbon by 1.724
(Van Bemmeler factor). Total nitrogen was
determined by Micro-kjeldahl procedure [19].
Available phosphorus was extracted with Bray Il
extractant as described by [21] and determined
colorimeterically using ascorbic acid method [22].
Exchangeable potassium was extracted using 1
ammonium acetate (NH4OAC) solution and
determined by the flame emission spectroscopy
as outlined by [23]. Aluminium and hydrogen
content (exchangeable acidity) was determined
by titrimetric method after extraction with 1.0 N
KCI [24]. The cation exchange capacity was
determined by NH,OAC displacement method
[25]. Calcium and magnesium was determined
by the complexiometric titration method as
described by [26]. Particle size distribution
analysis was done by the hydrometer method
[27] and the corresponding textual class
determined from the United State Department of
Agriculture Soil Texture Triangle. Base saturation
was determined by the method outlined by [19].

2.4 Data Collection (Fig. 3a-c)

Plant height was determined at four and eight
weeks after planting by measuring the length of
the plant from the soil level to the tip of the
topmost leaf using a measuring tape. Leaf area
per plant was estimated as leaf length (L) x width
(W) x 0.85 as described by [28]. Leaf area index
per plant was determined at four and eight weeks
after planting as total leaf area per plant divided
by the feeding area available for the plant (inter
row spacing multiplied by intra row spacing of
each plant) according to[29] and [30]. Number of
nodules per plant was obtained at four and eight
weeks after planting and number of fresh
pods per plant was obtained from visual
counting of nodules from uprooted Bambara
groundnut. Fresh pods weight per plant was
recorded at harvest using electronic weighing
balance.

2.5 Data Analysis

Data collected were subjected to analysis of
variance (ANOVA) test for randomized complete
block design as outlined by [31] (Table 2).
Significant means were separated using Fisher's

least significant difference (F-LSD) at 5%
probability level. Statistical analysis was
executed using [32] statistical software.

Table 2. Outline of analysis of variance of a 4
x 3 factorial trial in a randomized complete

block design

Sources of Degree of Degree of

variation freedom freedom
specified

Block (R) (R-1) 2

Phosphate (A-1) 3

fertilizer rate (A)

Plant spacing (B) (B-1) 2

Interaction (AB) (A-1)(B-1) 6

Error (AB-1)(R-1) 22

Total (ABR-1) 35

Fig. 2a. Marking out of the plant
treatments in the field

spacing

Fig. 2b. Bambara groundnut [ Vigna
subterranea (L.) Verdc.] seedlings after
thinning

Fig. 2. Field operations before two weeks
after planting



Ikenganyia et al.; IJPSS, 17(4): 1-17, 2017; Article no.lJPSS.32606

Fig. 3a. Uprooting Bambara groundnut
[Vigna subterranea (L.) Verdc.] plant
from the soil for nodule count

Fig. 3c. Fresh pods at harvest

Fig. 3. Plant data collection from the
experimental field

Linear model used for the
variance is shown below [31].

analysis of

Xij = 1+ A + By + Ry + (AB); + €.

Where:
Xijy = Any individual observation on the
experiment unit.
] = population or general mean
A = Effects of phosphate fertilizer rates
B; = Effects of plant spacing
R¢ = Effects of blocking

(AB); = Effects of phosphate fertilizer rates and
plant spacing interaction

€ijk = Experimental error.

3. RESULTS AND DISCUSSION

The data shown in Table 3 indicates that the soil
of the study area before planting was acidic
(pH6.1 and 5.4 in water and potassium chloride
respectively in 2015 and 6.3 and 6.2 in water and
potassium chloride, respectively in 2016). The
soil textural class was loamy sand in 2015 and
2016 planting season, which contained 46%
(2015) and 47% (2016) coarse sand, 41% (2015)
and 40% (2016) fine sand, 5% (2015) and
5%(2016) clay and 8% (2015) and 8% (2016) silt.
The organic carbon content was found to
be0.65% (2015) and 0.72% (2016), organic
matter content was 1.32% (2015) and 1.24%
(2016) and total nitrogen contents were 0.0057%
(2015) and 0.0064% (2016). The exchangeable
base [sodium 0.9 ¢ mol kg* (2015) and 0.8 ¢
mol kg™ (2016), potassium 0.17 ¢ mol kg™ (2015)
and 0.16 ¢ mol kg™ (2016) calcium 1.2 ¢ mol kg’
(2015) and 1.0 ¢ mol kg™ (2016) and magnesium
0.7 ¢ mol kg™ (2015) and 0.9 ¢ mol kg™ (2016).]
The cation exchange capacity of the soil was 8.1
¢ mol kg™ (2015) and 7.0 ¢ mol kg™ (2016) for
the base saturation 46% (2015) and 44% (2016).
The hydrogen 2.6 ¢ mol kg™(2015) and 2.4 ¢ mol
kg™' (2016) and aluminum content was found to
be 3.4 ¢ mol kg* (2015) and 3.6 ¢ mol kg™
(2016) and available phosphorus (Bray 11) was
found to be 7.9 ¢ mol kg™ (2015) and 8.8 ¢ mol
kg™ (2016)

Bambara groundnut spaced at 20 cm x 45 cm
per plant grown on plots fertilized with 75 kg P
ha single super phosphate fertilizer (SSP) had
significantly (P = .05) the tallest plants [24.53 cm
at 4 weeks after planting (WAP), 35.23 cm at
8WAP in 2015 and 25.00 cm at 4WAP and 36.00
cm at 8WAP in 2016 respectively] compared with
the other treatments (Table 4). This outcome
suggest that plants grown on lower population
density had enough resources and competed
less for factors such as sunlight, moisture and
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nutrients necessary for growth. This findings
tallied with what [13] reported that the highest
plant height of Mucuna flagellipes were obtained
on plots treated with 70 kg P ha™ of SSP in an
ultisol. Similarly, these results corrobated [33]
who reported that 75 kg P ha® of SSP gave the
height plant height of Bambara groundnut in
Calaber south east Nigeria.

Table 5 reveals that the effects of single super
phosphate fertilizer treatment on leaf area index
(6.04 in 2015 at 4AWAP, 45.86 in2015 at 8WAP,
6.31 at 4WAP in 2016 and 46.51 at 8WAP in
2016) were significant (P = .05)at the highest at
application rate of 75 kg P ha™ of SSP. More so,
Bambara groundnut [Vigna subterranea (L.)
Verdc.] which were grown on spacing of 10 cm x
45 cm (222,222 plants hectare™) had the highest
leaf area index at 4AWAP (4.19 in 2015) and at a
spacing of 20 cm x 45 cm (111,111 plants
hectare'l) at BWAP in 2015 and at 4WAP (4.40 in
2016) and at a spacing of 20 cm x 45 cm at
8WAP (29.30 in 2016) compared with other plant
spacing in 2015 and 2016 planting season
respectively. Bambara groundnut spaced at 10
cm x 45 cm grown on plots which received 75 kg
P ha' of SSP had the highest leaf area index at

Table 3. Initial soil characteristics before planti

AWAP (7.69 in 2015) and a spacing of 20 cm x
45 cm at 8WAP gave the highest (81.33) leaf
area index in 2015. Similarly, the same trend was
observed in 2016 planting season. This increase
in leaf area index as plant population increased
corroborated the findings by [34] and [35].

The results presented in Table 6, shows that the
combined effects of 75 kg P ha™'of SSP and 20
cm x 45 cm plant spacing gave more number of
nodules per plant (40.33 at 4AWAP and 81.33 at 8
WAP in 2015 and 40.90 at 4WAP and 82.00 at
8WAP in 2016 respectively). The effect of the
highest (75 kg P ha'l) rate of single super
phosphate on number of nodules per plant of
Bambara groundnut at 4WAP (37.33 in 2015
and 38.53 in 2016) and at 8BWAP (75.89 in 2015
and 76.73 in 2016) were highest. Phosphorus
plays an important role in virtually all major
metabolic  processes in  plant including
photosynthesis, energy transfer, signal
transduction, macromolecular biosynthesis and
respiration [10]. Legumes are phosphorus loving
plants, they require phosphorus for growth,
nodualation and seed development, and most
especially in nitrogen fixation which is an energy
driving process [13].

ng in 2015 and 2016 cropping season

Parameters 2015 2016
Particle size distribution (%)

Coarse sand 46 47
Fine sand 41 40
Clay 5 5
Silt 8 8
Textural class Loamy sand Loamy sand
pH (water) 6.1 6.3
pH (KCI) 5.4 6.2
Organic carbon (%) 0.65 0.72
Organic matter (%) 1.32 1.24
Total nitrogen (%) 0.0057 0.0064
Available phosphorus (¢ mol kg™) 7.9 8.8
Exchangeable bases (c mol kg ™)

Calcium 1.2 1.0
Magnesium 0.7 0.9
Potassium 0.17 0.16
Sodium 0.9 0.8
Exchangeable acidity (c mol kg ™)

Hydrogen 2.6 2.4
Aluminum 3.2 3.6
Cation exchangeable capacity (c mol kg™) 8.1 7.0
Base saturation (%) 46 44
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Table 4. Effect of single super phosphate fertilize  r rate and plant spacing on plant height (cm) of Ba  mbara groundnut [ Vigna subterranea (L.)
Verdc.] at four and eight weeks after planting

SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10 cmx45cm 15cmx45cm 20 cmx45cm Mean (B) 10 cmx45cm 15 cmx45cm 20 cmx45cm Mean (B)
0 13.96 15.36 16.00 15.11 18.96 19.83 21.53 20.11
25 17.33 18.17 18.90 18.13 22.53 24.00 25.50 24.01
50 19.96 20.73 21.30 20.66 27.93 29.26 30.70 29.30
75 22.66 23.53 24.53 23.57 31.63 34.33 35.23 33.73
Mean (A) 18.48 19.45 20.18 19.37 25.26 26.86 28.24 26.79
AWAP SBWAP

F-LSD(o0s5) for any 2 plant spacing 0.62 1.11

F-LSD(o,s5) for any 2 SSP rate 1.91 2.00

F-LSD(s5 forany 2 AX B 5.22 6.34

SSP rate (Kg ha ™) (B) 2016

Plant spacing (A)
AWAP 8WAP
10cmx45 cm 15cmx45cm 20 cmx45 cm Mean(B) 10cmx45cm  15cmx45cm 20 cmx45 cm Mean (B)
0 14.69 14.90 16.97 15.52 19.00 20.19 22.67 20.62
25 19.43 20.00 19.00 19.48 22.90 24.50 26.70 24.70
50 21.67 21.98 22.49 22.05 28.10 30.22 32.87 30.40
75 22.90 24.78 25.00 24.23 31.99 35.18 36.00 34.39
Mean (A) 19.67 20.42 20.87 20.32 25.50 27.52 29.56 27.53
AWAP 8WAP

F-LSD0s) for any 2 plant spacing 0.23 1.04

F-LSDos) for any 2 SSP rate 1.05 3.17

F-LSD(5 forany 2 AX B 6.01 7.03

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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Table 5. Effect of single super phosphate fertilize  r rate and plant spacing on leaf area index per pla  nt of Bambara groundnut [ Vigna subterranea
(L.) Verdc.] at four and eight weeks after planting

SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10 cmx45 cm 15cmx45cm 20 cmx45 cm Mean (B) 10cmx45cm 15cmx45cm  20cmx45cm  Mean (B)
0 1.73 1.43 1.23 1.46 7.93 7.12 7.90 7.65
25 2.50 2.00 1.94 2.15 16.37 12.53 11.30 13.40
50 484 4.00 3.48 4.11 29.61 17.26 16.27 21.05
75 7.69 5.73 4.71 6.04 30.46 25.83 81.33 45.86
Mean (A) 4.19 3.29 2.84 3.44 21.09 15.69 29.20 21.99
AWAP 8WAP
F-LSD s for any 2 plant spacing 0.30 3.46
F-LSD s for any 2 SSP rate 0.50 4.77
F'LSD(0.0Q for any 2AXB 0.02 0.72
SSP rate (Kg ha ™) (B) 2016
Plant spacing (A)
AWAP SBWAP
10cmx45 cm 15cmx45cm 20 cmx45cm  Mean(B) 10cmx45cm  15cmx45cm  20cmx45cm  Mean (B)
0 1.88 1.69 1.34 1.64 8.95 6.52 6.11 7.19
25 2.80 2.20 2.00 2.33 16.77 12.93 11.98 13.89
50 5.00 4.12 3.67 4.26 30.37 18.11 16.90 21.79
75 7.90 6.14 4.90 6.31 31.13 26.18 82.21 46.51
Mean (A) 4.40 3.54 2.98 3.64 21.81 15.94 29.30 22.35
AWAP 8WAP
F-LSD 05 for any 2 plant spacing 0.03 4.16
F-LSD(o 05 for any 2 SSP rate 0.01 5.17
F-LSDg05 forany 2 AXB 0.11 0.10

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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Table 6. Effect of single super phosphate fertilize  r rate and plant spacing on number of nodules per p lant of Bambara groundnut [ Vigna
subterranea (L.) Verdc.] at four and eight weeks after planting

SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10 cmx45cm  15cmx45cm 20 cmx45 cm Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45 cm Mean (B)
0 16.33 17.00 18.33 17.21 44.67 47.00 47.67 46.45
25 19.33 20.00 22.33 20.55 49.00 49.67 51.67 50.11
50 25.00 26.33 30.00 27.11 56.00 62.67 67.00 61.89
75 34.00 37.67 40.33 37.33 70.67 75.67 81.33 75.89
Mean (A) 23.67 25.25 27.75 25.56 55.09 58.75 61.92 58.59
AWAP 8WAP

F-LSD(o,0s5) for any 2 plant spacing 1.01 1.01

F-LSDos5) for any 2 SSP rate 1.32 2.73

F-LSD(s5 forany 2 AX B 1.00 6.23

SSP rate (Kg ha™) (B) 2016

Plant spacing (A)
AWAP 8WAP
10cmx45cm  15cmx45cm = 20 cmx45cm  Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45 cm Mean (B)
0 17.00 17.78 19.10 17.96 44.90 48.11 49.16 47.39
25 19.98 20.51 22.93 21.14 49.99 50.34 52.33 50.89
50 25.99 26.89 31.00 27.96 57.10 66.13 68.00 63.74
75 34.78 39.90 40.90 38.53 70.98 77.22 82.00 76.73
Mean (A) 24.44 26.27 28.48 26.40 55.74 60.45 62.87 59.69
AWAP 8WAP

F-LSD,s5) for any 2 plant spacing 0.87 1.11

F-LSDos5) for any 2 SSP rate 0.02 2.34

F'LSD(0.0Q for any 2AXB 0.01 2.57

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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er rate and plant spacing on number of fresh pods p
Bambara groundnut [ Vigna subterranea (L.) Verdc.] at harvest

er plant and weight of fresh pods per plant of

SSP rate (Kg ha ™) (B)

2015

Plant spacing (A)

Number of fresh pods per plant Weight of fresh pods per plant (g plant ™)
10cmx45cm  15cmx45cm 20 cmx45 cm Mean (B) 10cmx45cm  15cmx45cm = 20 cmx45 cm Mean (B)
0 6.33 7.33 8.00 7.22 66.41 85.27 109.16 86.95
25 9.33 10.00 10.00 9.78 160.07 188.59 190.25 179.64
50 12.33 13.00 15.00 13.44 206.91 217.46 227.53 217.30
75 16.33 17.00 17.67 17.00 238.23 243.65 248.03 243.30
Mean (A) 11.08 11.83 12.67 11.86 167.91 183.74 193.74 181.80
Number of fresh pods per plant Weight of fresh pods per plant (g plant™)
F-LSD(0s5 for any 2 plant spacing 0.01 10.50
F-LSD(o0s5) for any 2 SSP rate 0.10 11.00
F-LSD(0_05) for any 2AXB 0.70 14.29
SSP rate (Kg ha ™) (B) 2016

Plant spacing (A)

Number of fresh pods per plant

Weight of fresh pods per

plant (g plant ™)

10cmx45cm  15cmx45cm 20 cmx45cm  Mean (B) 10cmx45cm  15cmx45cm = 20 cmx45 cm Mean (B)
0 7.00 8.17 9.54 8.24 70.18 89.34 150.33 103.28
25 10.14 12.11 12.14 11.46 170.89 196.23 230.67 199.26
50 12.99 14.80 16.18 14.66 217.71 220.00 267.49 235.07
75 17.86 18.75 19.00 18.53 240.18 255.00 290.76 261.98
Mean (A) 12.00 13.46 14.22 13.23 174.74 190.14 234.81 199.90
Number of fresh pods per plant Weight of fresh pods per plant

F-LSD( 05 for any 2 plant spacing 0.22 12.94

F-LSD(o0s5) for any 2 SSP rate 2.91 19.00

F-LSD05 forany 2 AX B 0.92 22.11

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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Table 8. Effect of single super phosphate fertilize  r rate and plant spacing on Nitrogen (%) content of soil at four and eight weeks after planting

SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10cmx45cm  15cmx45cm 20 cmx45 cm Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45 cm Mean (B)

0 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02
25 0.03 0.04 0.04 0.04 0.02 0.03 0.03 0.03
50 0.04 0.05 0.05 0.05 0.03 0.04 0.04 0.04
75 0.05 0.06 0.06 0.06 0.05 0.05 0.05 0.05
Mean (A) 0.04 0.05 0.05 0.05 0.03 0.04 0.04 0.04

AWAP SBWAP
F-LSD0s) for any 2 plant spacing 0.001 0.001
F-LSD(o0s5) for any 2 SSP rate 0.001 0.001
F-LSD s forany 2 AX B 0.001 0.001
SSP rate (Kg ha ™) (B) 2016

Plant spacing (A)
AWAP 8WAP
10cmx45 cm 15cmx45cm 20 cmx45cm  Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45 cm Mean (B)

0 0.04 0.04 0.05 0.04 0.03 0.03 0.04 0.03
25 0.04 0.04 0.05 0.04 0.03 0.03 0.04 0.03
50 0.05 0.05 0.06 0.05 0.03 0.04 0.04 0.04
75 0.05 0.06 0.07 0.06 0.04 0.05 0.04 0.04
Mean (A) 0.05 0.05 0.06 0.05 0.03 0.04 0.04 0.04

AWAP SBWAP
F-LSDq¢s) for any 2 plant spacing 0.001 0.001
F-LSD(o05) for any 2 SSP rate 0.001 0.001
F-LSDo0s5) forany 2 A X B 0.001 0.001

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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Table 9. Effect of single super phosphate fertilize  r rate and plant spacing on phosphorus (¢ mol kg ") content of soil at four and eight weeks after

planting
SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10 cmx45 cm 15cmx45cm 20 cmx45 cm Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45cm  Mean (B)

0 4.10 4.47 4.83 4.47 3.94 3.90 4.20 4.01
25 5.00 5.13 5.50 5.21 4.20 4.13 5.10 4.48
50 5.81 5.98 6.52 6.10 5.07 5.53 6.10 5.57
75 7.12 8.53 9.33 8.33 6.53 7.77 8.30 7.53
Mean (A) 5.51 6.03 6.55 6.03 4.94 5.33 5.93 5.40

AWAP SBWAP
F-LSD(o 05 for any 2 plant spacing 0.01 0.01
F-LSD(o0s5) for any 2 SSP rate 0.02 0.02
F-LSD0s5) forany 2 A X B 0.02 0.02
SSP rate (Kg ha ™) (B) 2016

Plant spacing (A)
AWAP 8WAP
10cmx45 cm 15cmx45cm 20 cmx45cm  Mean (B) 10 cmx45 cm 15cmx45cm 20 cmx45cm  Mean (B)

0 4.89 5.00 5.83 5.24 4.00 4.00 477 4.26
25 5.60 5.89 6.00 5.83 4.69 4.43 5.74 4.95
50 6.13 6.56 6.90 6.53 5.78 5.98 6.54 6.10
75 7.79 9.13 9.89 8.94 7.22 7.99 8.67 7.96
Mean (A) 6.10 6.65 7.16 6.64 5.42 5.60 6.43 5.82

AWAP 8WAP
F-LSD(o 05 for any 2 plant spacing 0.001 0.001
F-LSD(o0s5) for any 2 SSP rate 0.001 0.001
F-LSD05 for any 2 AX B 0.001 0.001

WAWAP — Weeks after planting, F-LSD(0.05) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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Table 10. Effect of single super phosphate fertiliz  er rate and plant spacing on potassium (c mol kg ™) content of soil at four and eight weeks after

planting
SSP rate (Kg ha ™) (B) 2015
Plant spacing (A)
AWAP 8WAP
10 cmx45cm  15cmx45cm 20 cmx45 cm Mean (B) 10 cmx45 cm 15 cmx45 cm 20 cmx45 cm Mean (B)

0 0.03 0.04 0.05 0.04 0.02 0.03 0.04 0.03
25 0.06 0.07 0.07 0.07 0.05 0.06 0.06 0.06
50 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07
75 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.08
Mean (A) 0.07 0.07 0.07 0.07 0.06 0.06 0.06 0.06

AWAP SBWAP
F-LSD(o.05) for any 2 plant spacing 0.001 0.001
F-LSD.05) for any 2 SSP rate 0.001 0.001
F-LSD(.05 forany 2 A X B 0.001 0.001
SSP rate (Kg ha ™) (B) 2016

Plant spacing (A)
AWAP 8WAP
10cmx45cm  15cmx45cm 20 cmx45 cm Mean (B) 10 cmx45 cm 15cmx45cm 20 cmx45 cm Mean (B)

0 0.04 0.04 0.06 0.05 0.03 0.04 0.05 0.04
25 0.07 0.06 0.07 0.07 0.05 0.06 0.07 0.06
50 0.08 0.09 0.08 0.08 0.06 0.07 0.07 0.07
75 0.09 0.09 0.09 0.09 0.07 0.08 0.08 0.08
Mean (A) 0.07 0.07 0.08 0.07 0.05 0.06 0.07 0.06

AWAP 8WAP
F-LSD.05) for any 2 plant spacing 0.001 0.001
F-LSD.05) for any 2 SSP rate 0.001 0.001
F-LSD,05 forany 2 AXB 0.001 0.001

WAWAP — Weeks after planting, F-LSD(0.0s5) — Fisher's least significant difference at 0.05 probability level, SSP - Single super phosphate fertilizer
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The results presented in Table 7 reveal that the
main effects of plant spacing, SSP rates and the
interaction effects of plant spacing and SSP rates
were significant (P = .05). Plots which had the
lowest  population density (111,111plants
hectare'l) and received the highest rate of SSP
(75 kg P ha'l) gave significantly (P = .05) the
highest number of fresh pods per plant at harvest
(17.67 in 2015 and 19.00 in 2016) and weight of
fresh pods per plant (248.03 g plant® in 2015
and 290.76 g plant'1 in 2016 respectively) than
the other treatments. Hence, optimum spacing
induces the plant to achieve its potential yield
[15] and [16], indicated that cowpea plants
produced at the lowest densities produced more
number of pods than those at the higher
densities.

Total nitrogen concentration of soil showed in
Table 8 were significantly (P = .05) higher in
plots which received 75 kg P ha®’ SSP (0.06% at
AWAP, 0.05% at 8WAP in 2015 and 0.06% at
AWAP and 0.04% at 8 WAP in 2016 respectively)
than the other treatments. From the results, the
levels of total nitrogen in soil were higher at
AWAP than at 8WAP. This is attributed to the
increase in the number of nodules and this
nodules harbors bacteria that fix nitrogen to the
soil.  The highest amounts of phosphorus
present in soil were observed in plots (9.33 ¢ mol
kg™' at 4AWAP, 8.30 ¢ mol kg™ at 8WAP in 2015
and 9.89 ¢ mol kg™ at 4 WAP and 8.67 ¢ mol kg™
at 8WAP in 2016) which had the lowest plant
population density and fertilized with 75 kg P ha™
of SSP (Table 9). Potassium concentration of soil
showed in Table 10 were significantly (P = .05)
higher in plots which received 75 kg P ha™ SSP
(0.09 ¢ mol kg'1 at 4AWAP, 0.08 ¢ mol kg'1 at
8WAP in 2015 and 0.09 ¢ mol kg'1 at 4AWAP and
0.08 ¢ mol kgt at BWAP in 2016 respectively)
than the other treatments. This use of SSP as a
fertilizer material accounted for the increase in
the phosphorus and potassium level of the soil at
an increasing application rate.

4. CONCLUSION

The results of this study revealed that there was
a consistent significant increase (P = .05) among
the single super phosphate fertilizer rates (0 kg P
ha®, 25 kg P ha™, 50 kg P ha™*and 75 kg P ha™)
on the plant height, leaf area index, number of
nodules per plant, number of fresh pods per
plant, weight of fresh pods per plant of Bambara
groundnut and effects on soil nutrient statues
grown in an utisol in south east Nigeria in 2015
and 2016 cropping season, respectively. For
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optimum agronomic performances of Bambara
groundnut it is recommended that it should be
cultivated on soil fertilized with 75 kg P ha™of
single super phosphate fertilizer and plant
spaced at 20 cm x 45 cm.
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