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 IT84S-2246-4 variety of cowpea (Vigna unguiculata, L. Walp) showed significant 

responses to phosphorus (P) fertilizer application at Ado-Ekiti, South-west Nigeria, 

during the late seasons of 2009 and 2011. P alone compared to no fertilizer significantly 
increased plant height, leaf area and number of branches.plant-1, number of nodules and 

nodule weight.plant-1 and grain yield in 2009. The increases were larger when P was 

applied with basal N and K. Leaf N was higher in the P + basal N and K treatment 
while P alone increased leaf P which was higher in the presence of basal N and K. The 

20 kg P.ha-1 rate gave highest number of nodules and weight, number of leaves and leaf 

area.plant-1 in 2010 but it was 40 kg P.ha-1 in 2011. Grain yield response to P application 
was significant in both years, being consistent with the rates responsible for the best 

vegetative growth parameters. The optimum rate to recommend for cowpea production, 

based on the Linear-Response-Plateau model, in the location is 20 kg P.ha-1 
(approximately 45 kg P2O5. ha-1). 
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INTRODUCTION 

 

The low yield of cowpea (Vigna unguiculata, L. Walp) in Nigeria, at 0.05 to 0.30 metric tonnes 

(MT).hectare (ha)
-1

 (Batiano et al., 2003), indicates that the farmers are operating at less than 15% production 

efficiency. One of the constraints to high productivity is poor soil fertility, notably the low level of available 

phosphorus (P) such that cowpea responses to P fertilizer are widespread (Sanginga et al., 2000). The initial 

recommendations for the savannah zone of Nigeria are 11 kg P2O5.ha
-1

 (AERLS, 1973) and 36 kg P2O5.ha
-1

 

(IAR, 1979) alone as single superphosphate (SSP) to be broadcast and worked in at seedbed preparation. 

Improved cowpea varieties, with higher yield potentials, are being adopted which necessitated a review of the 

fertilizer recommendations in recent times. Thus, nitrogen (N) and potassium (K) have been included and added 

to the 20-40 kg P2O5.ha
-1

 recommended based on soil fertility classes (FFD, 2002) and in view of the medium 

(0.16-0.20%) total N, low (3.0-7.0 mg.kg
-1

) available P and moderate (0.31-0.60 cmol.kg
-1

) exchangeable K 

(Anon, 2006) content of most soils. Efforts should be made to prevent P deficiency from limiting cowpea yields 

through adequate fertilizer management practices as farmers may not be applying P fertilizer at all or applying 

amounts that vary from just enough to excess.  

The existing blanket fertilizer recommendation made for cowpea production in the south-west geopolitical 

zone of Nigeria probably did not include research input from locations in Ekiti State. As a legume often 

intercropped (interplanting or relay intercropping) with maize and yam cultivated in fertile plots opened from 

fallows of various lengths, cowpea had been grown without fertilizer application and yields met subsistence 

needs. The nutritional health potentials and economic prospects are incentives for recent efforts in sole cowpea 

production for which appropriate nutrient management recommendations must be available. Studies were, 

therefore, carried out at Ado-Ekiti, located in the sub-humid agro-ecological zone of Nigeria, to evaluate the 

responses of cowpea (IT84S-2246-4 variety) to (1) P fertilizer with or without basal N and K, and compared to a 

situation where no fertilizer was applied; and (2) various P levels in order to resolve the issue of optimum 

requirement.  

 

MATERIALS AND METHODS 

 

 

Experimental Sites and Cropping History:  
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The experiments were carried out in the Teaching and Research Farm, Ekiti State University, Ado-Ekiti, 

(long. 7
o
41’N and lat. 5

o
13’E) on soils classified as Egbeda Series (Oxic Paleustalf) during the late seasons of 

2009 to 2011. The weather information indicates long-term mean annual rainfall of 1,367 mm received over 112 

rainy days, temperature range of 25-36
o
C and daily sunshine of 5 hours. The land was previously cultivated to 

arable crops especially maize/cassava in 2007/2008. 

 

Experimental Layout and Plot Maintenance:  

The land was ploughed and harrowed and an area of 17x29 m marked out into four blocks, each subdivided 

into four 3x6 m plots separated by 1 m paths. The first experiment consisted of four treatments: No Fertilizer 

(Control), P alone, basal N+K and P+ basal N+K, involving 20 kg N, 30 kg P2O5 and 30 kg K2O.ha
-1

 as urea 

(46%N), SSP (18% P2O5) and muriate of potash, MOP (60% K2O) respectively. In the second trial, SSP 

fertilizer was applied to supply 0, 20, 40 and 60 kg P.ha
-1

 in the presence of basal 20 kg N and 30 kg K2O.ha
-1

. 

The respective fertilizers were mixed and broadcast into each plot and surface-incorporated before planting. 

IT84S-2246-4 variety of cowpea (semi-erect, medium maturity (75-80 days), day length neutral and brown 

wrinkle-seeded) (NACGRAB, 2009) seeds were sowed at 60x30 cm and seedlings thinned to two.stand
-1

 to 

attain the recommended 111,110 plants.ha
-1

 population (IAR&T, 1991). Recommended agronomic practices 

were followed: spraying pre-emergence herbicide (Galex 500EC equivalent to 1.5 kg a.i Metolachlor+ 11.0 kg 

a.i Metobromuron) at 4 l.ha
-1

 after planting; spraying plants with Nuvacron 40EC at 30 ml.9l
-1

 water at 5 weeks 

after sowing (WAS) followed by fortnightly sprays of Cypermethrin against leaf, flower and pod insect pests. 

 

Data Collection:  

Plants were randomly selected for weekly data collection of plant height, number of leaves and branches, 

flowers and pods. At 46 days after sowing (DAS), plants were carefully uprooted for determination of nodule 

count and weight. Index leaves were sampled at 46 DAS and oven-dried at 70
o
C for 48 hours. Mature dry pods 

were picked twice weekly, sun-dried and shelled by beating the pods, in a bag, with a heavy stick. The seeds 

were winnowed, further sun-dried, bulked for each plot and weighed. 

 

Laboratory Analysis of Soil and Plant Samples:  

Soil samples were sieved (<2 mm) while leaf and seed samples were crushed and milled in a micro-hammer 

mill and analyzed with standard procedures described in Udo and Ogunwale (1986). The parameters are soil pH 

(in distilled water), particle size distribution with hydrometer method and organic matter by wet dichromate 

oxidation, total N with macro-Kjeldahl method, available P with Bray’s P-1 extraction and exchangeable cations 

by extraction with 1N ammonium acetate (pH 7.0). Plant samples were digested in a ternary mixture of 

concentrated nitric-sulphuric-perchloric acids (25-5-5 v/v) for determination of total P, Ca, K, Mg and Na while 

total N was determined with the micro-Kjeldahl digestion. 

 

Statistical Analysis:  

Data of cowpea growth and grain yields were subjected to Analysis of Variance (ANOVA) and the 

treatment means separated by least square difference (LSD) at 5% probability level as described in Steel et al. 

(1997). 

 

RESULTS AND DISCUSSION 

 

The physical and chemical properties of surface (0-15 cm) layer of soils in the experimental sites are shown 

in Table 1. The soils were slightly acid to neutral sandy loams with low total N and exchangeable cations. The 

available P varied between 5.6 and 6.7 mg.kg
-1

 which are lower than 7.0 mg.kg
-1

 established by Kang and 

Nangju (1983) as the critical soil available P level for cowpea. Soil organic matter was low in 2009 and 2010 

but moderate in 2011 based on soil test criteria established for soils in south-west Nigeria (FDALR, 2004). The 

sites have been used for arable crop cultivation whose features- regular mechanized tillage and inorganic 

fertilizer application practices- have been indicted for aiding soil degradation through rapid soil organic matter 

depletion (Lal, 1999). Soil organic matter influences physical properties that relate to water absorption, available 

water content and nutrient retention such that soil management practices must emphasize raising the level and 

preventing its rapid depletion. 

The effects of P fertilizer application in cowpea growth and yield are shown in Table 2. The application of 

P alone increased nodule count and leaf area.plant
-1

 at 5 WAS compared to the No Fertilizer (Control) treatment. 

The number of flowers.plant
-1

, pod length and number of seeds.pod
-1

 increased with P application but which did 

not reflect in the grain yield. Application of P with basal N+K had no significant effect on nodule count and 

number of branches.plant
-1

 but increased plant height, number of leaves, leaf area.plant
-1

, grain yield and 

number of seeds.pod
-1

. One notes that where fertilizer applied contained N, number of nodules reduced while 

vegetative growth was enhanced. Although applied N depressed nodulation, the growth response observed, 
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especially in soils low in N and organic matter probably influenced the recommendation of 20 kg N.ha

-1
 basal 

application for cowpea production (Osiname, 1978). The higher nodulation as a result of P application has been 

observed by Adu (1994) and Okeleye and Okelana (1997) but which Kang and Nangju (1983) noted was more 

distinct on nodule weight than the number.plant
-1

. The higher grain yield in P plus basal N+K treatment 

compared to N+K is an indication of the significant response to P application. 

The effects of fertilizer application on the nutrient content of index leaf of cowpea are shown in Table 3. 

Application of P alone increased index leaf N and P but decreased leaf K and Ca while Na was not affected. 

Addition of P was needed to achieve 100% increase in leaf N content compared to the value obtained with basal 

N+K. This is in relation to increase in nodulation which means higher N-fixation and availability of N for plant 

uptake. 

The effects of different levels of P on cowpea growth and dry matter yield and grain yield are shown in 

Table 4. The 20 kg P.ha
-1

 treatment gave tallest plants as from 4 WAS in 2010. P application increased the 

number of leaves and leaf area.plant
-1

, as earlier noted by Tarila et al. (1977). There were 3.33 to 3.53 vegetative 

branches with average of 3.42 whereas the number of reproductive branches (flower bud-bearing) increased 

such that total branches increased up till 40 kg P.ha
-1

 rate. Nodule count and weight increased with applied P 

and were highest at 60 and 40 kg P.ha
-1

 respectively which is one of the advantages of P application to cowpea 

(Agboola and Obigbesan, 1977; Kang et al., 1976; Okeleye and Okelana, 1997) and hence the same significant 

correlation (r=0.98**) with number of nodules and nodule weight. The above ground dry matter (biomass) yield 

taken at 46 DAS increased till 40 kg P.ha
-1

 which did not differ from 60 kg P.ha
-1

 rate. 

Cowpea plants sampled at early and late vegetative, flowering and pod setting stages in 2011 were tallest 

with 20 kg P.ha
-1

 application which also gave the highest leaf area, number of flowers and pods.plant
-1

. The 

number of branches and number of nodules.plant
-1

 were highest at 40 and 60 kg P.ha
-1

 respectively. The superior 

vegetative characters culminated in the highest grain yield at 20 kg P.ha
-1

 but which did not differ from the 

higher P rates. 

The effects of P application rates on nutrient contents of the index leaf and seeds of cowpea are shown in 

Table 5. Index leaf N and P increased till 60 kg P.ha
-1

 while leaf cation content was not affected by P 

application. A similar trend was observed for nutrient content of the seed which showed a linear increase in N 

and P with applied P. Agboola and Obigbesan (1977) had noted increase in leaf P with 30 and 60 kg P.ha
-1

 

supplied from various P sources and that leaf cation content was not affected while the increase in leaf N gave 

an indication that the influence of applied P on N-fixation was reflected in grain yield. Thus, it is clear that the 

application of P can be used as a strategy for improved N nutrition and balance in cowpea. 

Grain yield response to P application was significant and so stresses its importance in improvement of 

vegetative characters. P is mobile in plants and has highest concentration in places of cell division and 

development (Brady and Weil, 2002) such that its application to increase the supply in soils would enhance 

plant height. Early optimum P supply is essential for laying down the primordial for reproductive parts. Also, 

this enhancement of growth by P application induces early flowering but the effect was no longer improved 

beyond 20 kg P.ha
-1

 rate. Plants that flower earlier would utilize available soil water and nutrients for podding, 

seed set and sustaining the pods to maturity before the dry season when water stress can be very severe. This is 

particularly so given the irregular nature of rainfall in the late cropping season and unpredictable outset of the 

harmattan whose desiccating effect on atmospheric humidity (mist and fog) of the mornings is vital to the yield 

of cowpea planted in late August to early September.  

 
Table 1: Characteristics of the surface layer (0-15 cm) of soils in the study sites 

Characteristics   2009   2010   2011 

Sand, %   85.0   74.6   74.2 

Silt, %     8.0     7.4   14.6 

Clay, %     7.0   15.5   11.2 
Textural Class     SL   SL   SL 

pH (water)     5.8     6.0         7.1 

Available P, mg.kg-1    5.7     5.6      6.7 
Organic matter, %    1.85     1.52     3.13 

Total N, %     0.05     0.06     0.09 

C/N ratio   21.5   14.7   20.2 
Exchangeable cations 

 Ca, cmol.kg-1    2.45     1.65     4.58  

  Mg, cmol.kg-1    1.00     1.40     2.92 
 K, cmol.kg-1    0.12     0.57     0.39 

 Na, cmol.kg-1    0.03     0.16     0.08 

Exchangeable acidity    0.05     0.81     0.38 
Effective CEC     4.55     4.59     8.35 

Base Saturation, %  79.1   82.4   95.5 

SL= Sandy loam 

 

Table 2: Effect of fertilizer application on growth parameters and grain yield of cowpea 
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                                                                                         Treatments  

Growth and yield parameters    No Fertilizer   P    N+K             P+ (N+K) SE 

Nodule count, 5 WAS   18.0b            22.3a    18.8ab            19.3ab 2.42 
Number of leaves, 5 WAS   16.5b            17.3b         18.0b               23.3a  2.12 

Plant height (cm), 6 WAS       20.0c             20.4c    23.2b               25.0a                0.61 

Number of branches, 6 WAS        6.8b              6.9b           7.8a                 7.5a                0.25 
Leaf area (cm2)                          512.3c           582.5bc    710.7b          1040.6a            112.04 

Number of flowers, 7 WAS        11.8                 12.3           12.8               13.0                 0.98 

Pod length (cm)        7.61              9.87           10.41              10.09              0.52 
Number of seeds.pod-1                 6.60              7.30           6.98                7.38               0.94 

Grain yield, MT.ha-1            0.82     0.90           0.98                1.26    0.096  

 

Table 3: Nutrient content of cowpea index leaves as affected by fertilizer application 

Treatments                N                  P                 K               Ca                 Na 
                                   -------------------------------%----------------------------------------- 

No Fertilizer            2.80b            0.26c           4.90a           0.44a             0.014 
 P           2.82b            0.42b           3.60b           0.36b            0.015 

          N+K                  2.80b            0.22c            3.70b           0.37b            0.014 

      P+ (N+K)              4.20a            0.57a            3.60b           0.34b            0.014 

 SE           0.090            0.034            0.099           0.017            0.010  

 

Table 4: Effect of P application rates on parameters of growth and yield in cowpea 

                                               2010 

Phosphorus Fertilizer Rates (kg.ha-1)  

Parameters Measured                                     0                20               40                60          SE       

Plant height (cm)                           19.7            22.3            20.1            21.1       2.70      
Number of nodules.plant-1           20.0            44.0            47.6             53.0       7.98      

Leaf area (cm2).plant-1                  1388.0        1845.0        1705.0        1588.0     29.83 

Number of flowers.plant-1                   19.5            36.8            25.8             35.6       1.74 
Number of pods.plant-1                        30.8            36.6            33.0             31.5       1.86 

Grain yield, MT.ha-1                               0.78            1.26            1.22             1.20     0.198 

                                 2011 

Plant height (cm)                               22.4            23.1            24.8             23.7         1.61 
Number of nodules.plant-1                   18.2            29.6            42.2             46.6         3.00 

Leaf area (cm2).plant-1                      1283.9        1760.7        1927.4        1867.3       71.94  

Number of flowers.plant-1                    16.4             30.2            40.8             39.2         3.42 
Dry matter yield (gm).plant-1               19.73           26.05          29.83          29.45       1.12 

Grain yield, MT.ha-1                               0.72              1.26            1.62            1.56      0.118 

 

Table 5: Nutrient composition of index leaves and seeds of cowpea as affected by P levels of application 

   N  P  Ca  K  Mg 

P rates (kg.ha-1)                 -----------------------------------           %           -------------------------------------- 

                                                                 Index Leaf Nutrient Content 

0                            1.71   0.73  3.90  0.31  1.98 

20     2.19  0.78  3.80  0.30  2.96 
40                             2.60  1.02  3.81  0.31  2.16 

60           3.04  1.13  3.90  0.31  2.02 

SE           0.065                            0.058                           0.026                           NS                              0.046 

                                                                 Seed Nutrient Composition 

0                                           3.63  3.67  1.30  0.27  0.21 

20                    3.89  4.44   1.20  0.28  0.21 

40                    4.18  4.50  1.30  0.27  0.21 
60                    4.22  4.51  1.30  0.27  0.21                              

SE                                        0.035                           0.116                            NS                               NS                              NS 

NS= Not significant (P=0.05) 

 

Grain yield for the two years were pooled and analyzed for differences with the Linear-Response-Plateau 

model (Waugh et al., 1973) to determine the optimum P rate. The analysis gave optimum rate for cowpea as 20 

kg P.ha
-1

 which is within the required range of 13-40 kg P.ha
-1

 recommended for optimum growth, N-fixation 

and grain yield in Nigeria (IAR, 1979; Kang and Nangju, 1983). This rate is approximately 45 kg P2O5.ha
-1

 to be 

supplied with 250 kg or five bags (50 kg each) of SSP fertilizer.  

 

Conclusion and Recommendation: 

The desire to improve the grain yield of cowpea derives from its high protein content and a widespread 

consumption that has no institutional or social taboos and constraints, but is rather favoured by many social 

events such as marriages, births and burial ceremonies. Cowpea production presents varied difficulties which 

result in low yields on farmers’ fields and concerted efforts have been going on, since the 1970s, to evolve 
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technologies whose components are improved varieties with high yield potentials, effective crop protection 

measures and adequate nutrition from soils and fertilizers.  

IT84S-2246-4 is one of the improved cowpea varieties that farmers in the derived savannah agro-ecological 

zone are being encouraged to adopt and for which appropriate fertilizer recommendations must be available. P 

fertilizer significantly increased vegetative growth, nodulation, leaf N and P, and grain yield with the increases 

larger when applied P included basal N and K. Grain yield response to P application rates was a reflection of the 

increase in vegetative growth and nodulation from which optimum rate obtained with the Linear-Response-

Plateau model was 20 kg P.ha
-1 

(approximately 45kg P2O5.ha
-1

). Soils of the derived savannah zone usually 

contain little amounts of N and organic matter such that 20kg N.ha
-1

 would be included with the P.      
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