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Abstract
Phosphorus (P) is important for cowpea production and is inherently low in many tropical soils. The
resultant effect is poor yield. Practices recommended to ameliorate this include the application of mineral
and organic fertilizers. This study evaluated the effectiveness of sole and combined applications of single
super phosphate (SSP), Alesinloye compost (AC) and moringa leaves (ML) for growth, yield and nutrient
uptake of improved variety of cowpea on sandy loam, in Wesley University, Ondo, Nigeria. A screen house
(five kg soil/pot) study was carried out at the Agriculture Department, Wesley University, Ondo, Nigeria.
Treatments consisted of control as well as single super phosphate (SSP), Alesinloye compost (AC), moringa
leaves (ML) and their combinations (AC + ML, AC + SSP, ML + SSP) in ratio 1:1. All the fertilizer types
were applied at 40 kg P2O5 ha-1(P requirement of the test crop). Treatments were replicated four times in
a completely randomized design using cowpea variety 07K-292-10, giving a total of 28 pots. Data on
growth parameters (plant height, number of leaves), yield parameters (biomass, pod weight and grain
yield) as well as nutrient uptake were analysed using ANOVA (P ˂ 0.05) while treatment means were
separated by Duncan’s Multiple Range Test. Cowpea plants parameters increased in all fertilizer types
over the non-treated control. However, plant height and number of leaves were significantly (P ˂ 0.05)
superior with combined use of ML + SSP and AC + SSP respectively. In terms of biomass yield, plant
parameters increased significantly in the treatment that had sole application with single super phosphate
having the highest yield. The combination of ML + SSP gave highest response and was significantly (P ˂
0.05) higher in pod yield, grain yield as well as nutrient uptake. Therefore, combined application of
moringa leaves and single super phosphate at 40 kg P2O5 ha-1 is recommended for optimum production of
the cowpea variety, 07K-292-10 on sandy loam soil in Wesley University, Ondo State and its environs.
Keywords: cowpea variety, phosphorus fertilizer types, nutrient uptake, sandy loam.

Introduction
The capacity of tropical soils to grow food and fiber has progressively decreased each year. This is
largely due to the decline in soil fertility as a result of inherent fragile characteristic of the tropical
soils (Adeoye et al., 2005). Soil degradation leading to nutrient depletion has been considered a
serious threat to agricultural productivity and a major cause of falling crop yields and per capita
food production in sub-Saharan Africa (Banful, 2009). The traditional method of bush fallow and
shifting cultivation are no longer sustainable due to population pressure and industrialization (FFD,
2012), hence the campaign for soil amendment inputs as alternatives to improve soil nutrient status,
for better crop yield in the sub-Saharan Africa. The use of inorganic (mineral) fertilizers as soil
amendment for supplying plant nutrients has been the conventional practice for a long time.
However, the intensive use of these mineral fertilizers has been associated with declined soil
organic matter content, increase in soil acidity, nutrient imbalance and degradation of soil physical
properties leading to soil erosion, with resultant reduction in crop yield over time (Asawalam, 2009;
Hepperly et al., 2009; Awanlemhen and Ojeniyi, 2012). The long- term use of mineral fertilizers,
especially the nitrogenous ones at high rates, could be harmful to soil microorganisms (Barabasz et
al., 2002; Mandic et al., 2011) and consequently reduce normal development of crops. Cowpea
(Vigna uniguiculata L. Walp) is a member of the plant family Fabaceae. It is an important grain
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legume cultivated with in the tropics and subtropics covering 12.5 million hectares with annual
production of about 3 million tonnes (FAO, 2005). Although it occupies a smaller proportion of the
crop area than cereals, it contributes significantly to household food security in west and Central
Africa. Nigeria is one of the largest producers of cowpea with an average production of 2.92 million
tons followed by Niger with 1.10 million tons (FAO, 2012). In addition, Nigeria contributes to
about 58% of the world cowpea production producing 2.2 million metric tons of dried grain and
61% production in Africa. (IITA, 2009). The crop is the most widely cultivated pulse throughout
the world and is found practically in every market especially in Nigeria. Cowpea is grown primarily
for its cheap source of dietary protein, lysine and as a substitute for meat (Bressani, 1985).Virtually,
all component of the crop are important source of food; the young leaves and shoots are consumed
as spinach and provide one of the most widely used pot herbs in tropical Africa (Onwueme et al.,
1991). From a single plant, one may be able to have several products such as leaves, immature pods,
as well as immature and matures seeds.
Phosphorus often comes from different sources which could be organic or inorganic. Common
example of inorganic phosphorus sources are single superphosphate and triple superphosphate
while rock phosphate, manure and composts are examples of organic sources. However, the use
of inorganic phosphate fertilizer poses problems like unavailability in remote area, high cost and
high risk in heavy rainfall thereby making organic sources of P good substitutes for the less
available and expensive inorganic P fertilizers. Also farmers using mineral fertilizer for many
years often notice that soil exhaustion shown by the sick appearance of plants, leaves discoloration,
retarded growth and low yields (Neil and Ray, 1999). Organic materials such as farm yard manure,
poultry manure, green manure, crop residue, water weeds, city waste etc. have been reported as a
suitable substitute for inorganic fertilizers to maintain sustainable crop production and
environmental quality (Pawar et al., 2003). The complementary use of organic and inorganic
fertilizers has been recommended for sustenance of long term cropping in the tropics. Nutrients
from mineral fertilizers enhance the establishment of crops while those from mineralization of
organic manures promoted yield when both fertilizers were combined (Ipimoroti et al., 2002).
Therefore, the objective of this study was to assess the effect of using different phosphorus
fertilizer sources on growth, yield and nutrient uptake of cowpea.
Materials and Methods
The experiment was carried out between July and November, 2019 in the screen-house of the
Department of Agriculture, College of Agriculture, Food Science and Technology, Wesley
University, Ondo, Nigeria located latitude 70 201N and 30 51E. The soil samples collected from the
field were taken to the laboratory for the determination of pre-cropping physicochemical
properties. A representative sample of the soil was taken to the laboratory at Institute of
Agricultural Research and Training (I.A.R.T), Ibadan for pre-cropping physical and chemical
properties. The analysis included pH, total nitrogen, available phosphorus, organic carbon,
exchangeable cations (Ca, K and Mg), micronutrients (Cu, Fe, Zn, and Mn) and particle size
analysis. Samples of conventional compost and moringa leaves were also randomly taken for
analysis. The cowpea variety used was the early maturing type 07K-292-10 sourced from
International Institute of Tropical Agriculture (IITA), Ibadan. Each fertilizer was applied to meet
the recommendation of the test crop, which is 40 kg P2O5/ha (Ajeigbe et al., 2010). The treatments
applied were as follows:
T1 = Control (No soil additive)
T2 = 40 kg P2O5/ha through mineral fertilizer only (SSP at 100%)
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T3 = 40 kg P2O5/ha through conventional compost only (Alesinloye compost (AC at 100%)
T4 = 40 kg P2O5/ha through moringa leaves only (ML at 100%)
T5 = 40 kg P2O5/ha through AC + SSP at 50:50
T6 = 40 kg P2O5/ha through AC+ ML at 50:50
T7 = 40 kg P2O5/ha through ML + SSP at 50:50
The organic materials were milled to powder so as to increase its surface area and enhance
reactivity. They were weighed and mixed with the 5 kg capacity soil and allowed to mineralize for
2 weeks before seeds were sown. The soils were air dried, sieved with 2mm sieve and filled into
5kg polythene bags. The polythene bags were labeled according to their respective treatment
combinations. They were randomly arranged on metal table and they were watered. Thinning was
carried out after 9 days of sowing leaving two vigorous seedlings per pot. The first hand weeding
operation was carried out at four weeks after sowing and other subsequent operations done as
necessitated by weed occurrence. Cypermethrin was applied fortnightly at the rate of 2ml per litre
of water to control insect pest attack from two weeks after sowing and continued until podding.
The experiment involved seven fertilizer application replicated four times arranged in a completely
randomized design (CRD) giving a total of 28 pots. The following data were collected: number of
leaves per pot, plant height (cm), number of pod per pot, biomass yield and pod weight per pot.
Nutrient uptake was calculated as described by Ombod and Isokari (1994) using the formula:
Nutrient uptake = % nutrient content in plant tissue × DYM (g/plant); where DYM is the dry matter
yield. Data collected were subjected to statistical analysis of variance using General Statistical
Package (GENSTAT) 4th edition. Significantly different means were separated using Duncan’s
Multiple Range Test (DMRT) at 5 % probability level.
Results
The result of the pre-planting soil analysis is shown in Table 1. The soil collected from Wesley
University, Ondo was slightly acidic. The result showed that the soil was low in N and P.
Organic carbon was below the 20 g/kg considered as critical for soils of southwestern Nigeria
(FFD, 2012), high in exchangeable calcium and magnesium, sufficient in exchangeable K and
Na (Landon, 1984). The textural class was sandy loam. Moreover, the results of macronutrient
and micronutrient content of conventional compost and moringa leaves are shown in Table 1.
The result of the proximate composition (Table 1) of both Alesinloye compost and moringa
leaves contained plant nutrients and carbon appreciably.
Effect of different fertilizer sources on cowpea plant height (cm)
The results of the fertilizer treatments on height of cowpea plants are presented in Table 2.
The result showed that there was no significant difference (p>0.05) among the treatment means of
cowpea plants at 3 and 5 weeks after sowing (WAS). However, there were significant differences
among the treatment means across all the treatment means at 7 WAS. The 40 kg P2O5/ha ML+
SSP resulted into the highest plant height (19.55 cm) at 7 WAS which was not significantly
different from others except the control treatment which gave the least mean plant height (13.25
cm).
Effect of different fertilizer sources on number of leaves of cowpea
At 3 weeks after sowing WAS, the result showed that there was no significant difference
among the treatment means of cowpea plants. At 5 WAS, 40 kg P2O5/ha AC+ SSP resulted into
highest value (19.5), which was not significantly different from others, except 40 SSP kg P2O5/ha
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(14.8), 40 kg P2O5/ha ML (14.8) and the control treatment (14.0). At 7 WAS, 40 kg P2O5/ha AC+
SSP also gave the highest mean number of leaves (18.3) which was not significantly different from
others except the control treatment which gave the least mean number of leaves (11.3).
Table 1: Some physical and chemical properties of soil, compost and moringa leaves used in the
experiment.
Parameters

Soil

Conventional compost Moringa leaves

6.0
8.3
0.7

9.7

N/A

170
12

N/A
27.9

6.7

8

4.2

0.3

17

18.5

Ca

1.3

3.2

19.2

Mg

0.8

1.0

1.9

Na

0.3

4

pH (1:1, H2O)
Org C (g/kg)
Total N (g/kg)
Available P (mg/kg)
-1

Exchangeable base (cmolkg )
K

Extractable micronutrients (mgkg-1)
Mn

32.68

393

4.4

Fe

89

1670

52.9

Zn

1.04

186

10.6

0.67

78

7.5

620

N/A

N/A

226

N/A

N/A

154
Sandy
loam

N/A

N/A

N/A

N/A

Cu
Particle size distribution (g/kg)
Sand
Silt
Clay
Textural class (USDA)

N/A- not applicable
Table 2 Plant height (cm) of cowpea as influenced by different fertilizers sources.
weeks after so wing
3
5
7
6.72
9.50
13.25c
8.22
11.62
15.95ab
7.92
12.25
16.35a
8.67
11.82
14.95ab
8.22
12.78
16.20a
8.32
13.10
19.55a
8.02
12.75
16.38a
ns
ns
ns: not significant; Means with the same letter(s) in a column are not significantly different at 5 % level of probability
by Duncan Multiple Range Test (DMRT).
Treatments (kg P2O5/ha)
Control
Moringa leaves (ML)
Alesinloye compost (AC)
Single Super Phosphate
ML+AC (1:1)
ML+SSP (1:1)
AC+SSP (1:1)
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Table 3 Number of leaves of cowpea as influenced by different fertilizers sources.
Treatments (kg P2O5/ha)

weeks after so wing
5

3

7

Control
Moringa leaves (ML)
Alesinloye compost (AC)
Single Super Phosphate
ML+AC (1:1)
ML+SSP (1:1)
AC+SSP (1:1)

10.25
14.00b
11.25b
10.75
14.75b
16.50ab
13.00
16.50ab
15.75ab
14.75b
15.25ab
11.00
15.75ab
11.50
17.00ab
10.75
16.25ab
14.25ab
14.00
19.25a
18.25a
ns
ns: not significant; Means with the same letter(s) in a column are not significantly different at 5 % level of probability
by Duncan Multiple Range Test (DMRT).

Effect of different fertilizer sources on dry matter yield (g/ pot) of cowpea plants
The results of the effect of different fertilizer sources on dry matter (g/ pot) of cowpea plants are
presented in Table 4. The result revealed that there were significant differences among the
treatment means. In terms of shoot, 40 kg P2O5/ha SSP gave the highest mean shoot weight (3.9
g/ pot) which was significantly different from others, but statistically at par with 40 kg P2O5/ha
ML (2.8 g/ pot), 40 kg P2O5/ha AC (2.2 g/ pot), 40 kg P2O5/ha ML+SSP (3.7 g/ pot) and 40 kg
P2O5/ha AC+SSP (2.5 g/ pot). In terms of root, 40 kgP2O5/ha SSP still gave the highest mean root
weight (1.1 g/ pot) which was significantly different from control (0.4g) and 40 kg P2O5/ha
ML+AC but statistically at par with other treatments.
Table 4. Dry matter yield (g / pot) of cowpea as influenced by different fertilizer sources.
Treatments (kg P2O5/ha)

Shoot

Root

Pod

Grain

Control

0.66c

0.43b

0.43c

0.34c

Moringa leaves (ML)

2.78ab

0.88ab

1.22bc

0.95bc

Alesinloye compost
(AC)

2.16abc

0.64ab

1.61b

1.25bc

3.89a

1.14a

1.89b

1.37b

1.59bc

0.47b

2.14b

1.36b

3.69ab

0.88ab

4.13a

3.47a

2.47abc

0.65ab

3.44a

2.74a

Single Super Phosphate
ML+AC (1:1)
ML+SSP (1:1)
AC+SSP (1:1)
Means with the same letter(s) in a column are not significantly different at 5 % level of probability by Duncan
Multiple Range Test (DMRT).

Pod dry weight of plants from 40 kg P2O5/ha ML+SSP gave the highest dry pod yield (4.13 g/ pot),
but was not significantly different (p>0.05) from plants in pots treated with 40 kg P2O5/ha AC+SSP
(3.44 g/ pot). However, 40 kg P2O5/ha ML+SSP was significantly different (p˂0.05) from other
treatments while the lowest mean pod yield (0.43 g/pot) was recorded in the unfertilized treatment.
A similar result was obtained on grain yield. It was observed that 40 kg P2O5/ha ML+SSP gave
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the highest mean grain yield (3.47 g/ pot) but was not significantly different (p>0.05) from plants
in pots treated with 40 kg P2O5/ha AC+SSP (2.74g/ pot). 40 kg P2O5/ha ML+SSP was significantly
different (p˂0.05) from other treatments while the lowest mean pod yield (0.34 g/pot) was recorded
in the unfertilized treatment.
Phosphorus concentration (%) and uptake (g / pot) in cowpea plant as influenced by different
fertilizer sources.
Phosphorus concentration in cowpea plant (%) as influenced by different fertilizer sources is
shown in Table 5. Cowpea plant grown with 40 kgP2O5/ha ML+SSP gave the highest value (0.071
%) which was not significantly better than others, followed by 40 kgP2O5/ha SSP (0.054 %) which
was not significantly different from 40 kgP2O5/ha AC+ML (0.052 %), 40 kgP2O5/ha AC (0.051
%), 40 kgP2O5/ha AC+SSP (0.046 %), 40 kgP2O5/ha ML (0.046 %), but significantly (p˂0.05)
higher than control treatment which resulted into lowest (0.039 %) value. In terms of P uptake,
the result showed that 40 kgP2O5/ha ML+SSP gave the highest mean value (0.30 g / pot) which
was not significantly different from 40 kgP2O5/ha SSP (0.28 g / pot), but was significantly higher
than 40 kgP2O5/ha ML (0. 17 g / pot), 40 kgP2O5/ha AC+SSP (0.14 g / pot), 40 kgP2O5/ha AC
(0.14 g / pot) and 40 kgP2O5/ha AC+ML (0.11 g / pot). The lowest P uptake (0.04 g/pot) was
recorded in the unfertilized treatment.
Table 5. Nutrient content (%) and uptake (g/ pot) of cowpea as influenced by different fertilizer
sources.
Treatment
kgP2O5/ha

Nutrient content (%)
Phosphorus (P)

Control
Moringa leaves
Alesinloye compost
Single Super Phosphate
ML+AC (1:1)
ML+SSP (1:1)
AC+SSP (1:1)

0.03c
0.04ab
0.05ab
0.06a
0.05a
0.07a
0.05ab

Nutrient uptake (g / pot)
Phosphorus (P)
0.04c
0.17ab
0.14ab
0.28a
0.11ab
0.30a
0.14ab

Means with the same letter(s) in a column are not significantly different at 5 % level of probability by Duncan Multiple Range
Test (DMRT).

Discussion
In this study, it was evident that cowpea responded to soil amendment with different fertilizer
sources and it was observed in the growth, biomass yield, nutrient content and nutrient uptake of
the test crop which differed significantly (p˂0.05) among the different fertilizer sources. The
higher values of the fertilizer treated cowpea in height, biomass yield, nutrient content and nutrient
uptake over the control indicated that the soil was low in fertility, thus the observed response to
added fertilizers. This suggests the need for these fertilizer materials as nutrient supplier to the
soil. The highest plant height cowpea was observed from the combined application of 40
kgP2O5/ha moringa leaves and single super phosphate while the unfertilized pots recorded the
lowest plant height. This could be due to an improvement in soil fertility as a result of the presence
of adequate quantity of organic matter and micro nutrients in the moringa leaves that was used for
the experiment. This finding is in agreement with the investigation of Olusegun, (2014) who found
that combined application of organic manure and inorganic nitrogen fertilizer resulted in the

PAT 2019; 15 (2): 203-211 ISSN: 0794-5213; Adegoke et al; Effects of Phosphorus Fertilizer Sources on Growth ….209

highest height of cowpea as compared to sole application of either organic manure or inorganic
nitrogen fertilizer. The maximum number of leaves per plant were recorded in the combined
application of 40 kgP2O5/ha Alesinloye compost and single super phosphate. This might be due to
the slow but consistent release of plant nutrients from Alesinloye compost aided by inorganic
nitrogen fertilizer that could have helped the soil microorganisms in the faster decomposition of
the poultry manure which leads to the availability of plant nutrients. This confirmed the report of
Eghball et al. (2004), AyanfeOluwa et al. (2015) that organic materials are known to release
nutrients slowly and guarantees the longer supply of nutrients. This is because the nutrients
contained in organic fertilizers would first ingested by the soil microorganisms and the nutrients
released gradually as the microorganisms die (Abou Ed-magd et al., 2005; Deenik, 2006). The
highest grain yield was produced by combined application of 40 kgP2O5/ha moringa leaves and
single super phosphate, which was not significantly different from addition of Alesinloye compost
and single super phosphate. This might be due to integration of organic manure and nitrogen
fertilizer that benefits the plants in supplying balanced nutrients and improvement in the soil
physical and chemical properties. Olusegun (2014) reported that plant nutrients from inorganic
fertilizers enhance the establishment of crops while those from mineralization of organic manure
promoted yield when both fertilizers were combined. Similarly, Yoganathan et al., (2013) reported
that the highest grain yield of cowpea was obtained by combined application of poultry manure
and inorganic nitrogen fertilizer than single application of poultry manure and inorganic nitrogen
fertilizer. Also Adeniyan and Ojeniyi (2005) reported similar results. The combined treatments 40
kgP2O5/ha moringa leaves and single super phosphate promoted significantly (P <0.05) higher P
uptake than the sole organic or inorganic treatments. This may be due to the fact that the combined
treatments improved the soil environment which was efficiently exploited by the cowpea plants as
compared to the sole organic or inorganic treatments. The higher uptake of P was attributed to
continuous and steady supply of available nutrient throughout crop growth period because
application of organic and inorganic inputs. Similar findings were also reported by Tiwari et al.,
(2007) and Sunilkumar et al., (2014).
Conclusion
Combined application of organic and inorganic fertilizers was observed to be the best management
system in sustainable agriculture for increasing cowpea growth, yield and decrease the cost of
nitrogen mineral fertilizers. On the other hand, the excess use of Inorganic nitrogen fertilizers in
agriculture can lead to soil deterioration over time and groundwater pollution. The excellent
performance of mixture of 40 kgP2O5/ha moringa leaves + SSP and Alesinloye compost + SSP
was attributed to its inherent higher nutrient content and steady increase in nutrient release when
applied as soil amendment.
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